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 Socio-Economic Impact of Drought on Natural Resources at Elduiem 
area-White Nile State, Sudan. 
By Suad Ibrahim Abdalla Gamal Eldin.  
Abstract: The main objective of this study was to assess the expected 
impact of drought on the socioeconomic situation of the people of Elduiem 
locality area of the White Nile State, Sudan. Primary data were collected 
from 140 respondents elected using multi-stage stratified random method. 
Secondary data on the temperature, rainfall and humidity for the period 
1961-1990 were also obtained from the Sudan Meteorological Authority, 
Sudan. Secondary data were also collected on crops areas and production 
from the Ministries of Agriculture in Khartoum and Kosti, PLAN Sudan 
and from previous studies, researches and official documents. Descriptive 
analyses and Lorenz Curve analyses were used to identify the socio-
economic characteristics and to estimate the poverty situation among the 
respondents. The Global Circulation Model (GCM) was used to simulate the 
expected effect of drought on crop productivity in Elduiem area. The 
present human mal-management of natural resources associated with the 
prevailing rainfall situation had resulted in low crop production, low income 
and severe cutting of forests for firewood collection and sales. The results of 
the study revealed high incidence of poverty and inequity in income 
distribution among the respondents in the study area. About 88% of the 
respondents were found to live below the poverty line. The GCM simulation 
results indicated that the average productivity of sorghum estimated at 255 
kg/feddan in 1996/97-1999/2000 would drop by 71% in 2030, the target 
projection year. Similarly, the average productivity of millet would drop by 
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62% from the estimated yield 193 kg/feddan during the same period. The 
study recommended promotion of income generating activities including 
cottage industries for cheese and fish production and processing, 
strengthening of extension services to increase awareness of conserving the 
green cover and natural resources to reduce the effect of drought, and 
introduction of firewood substitute, such as sun stoves and gas, to reduce 
deforestation of the poor vegetation cover in the area, and introduction of 
drought resistance crop varieties to reduce the risk of drought on the level of 
production and income sources of the people of the Elduiem locality area. 
and promote the early warning system. 
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Socio-Economic Impact of Drought on Natural Resources at Elduiem 
area,White Nile State, Sudan. 
By Suad Ibrahim Abdalla Gamal Eldin.  
Abstract: The main objective of this study was to assess the expected 
impact of drought on the socioeconomic situation of the people of Elduiem 
locality area of the White Nile State, Sudan. Primary data were collected 
from 140 respondents selected by using multi-stage stratified random 
method. Secondary data on the temperature, rainfall and humidity for the 
period 1961-1990 were also obtained from the Sudan Meteorological 
Authority, Sudan. Secondary data were also collected on crops areas and 
production from the Ministries of Agriculture in Khartoum and Kosti, Plan 
Sudan and from previous studies, researches and official documents. 
Descriptive analyses and Lorenz Curve analyses were used to identify the 
socio-economic characteristics and to estimate the poverty situation among 
the respondents. The Global Circulation Model (GCM) was used to simulate 
the expected effect of drought on crop productivity in Elduiem area. The 
present human mal-management of natural resources associated with the 
prevailing rainfall situation had resulted in low crop production, low income 
and severe cutting of forests for firewood collection and sales. The results of 
the study revealed high incidence of poverty and inequity in income 
distribution among the respondents in the study area. About 88% of the 
respondents were found to live below the poverty line. The GCM simulation 
results indicated that the average productivity of sorghum estimated at 255 
kg/feddan in 1996/97-1999/2000 would drop by 71% in 2030, the target 
projection year. Similarly, the average productivity of millet would drop by 
62% from the estimated yield 193 kg/feddan during the same period. The 
study recommended promotion of income generating activities including 
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cottage industries for cheese and fish production and processing, 
strengthening of extension services to increase awareness of conserving the 
green cover and natural resources to reduce the effect of drought, and 
introduction of firewood substitute, such as sun stoves and gas, to reduce 
deforestation of the poor vegetation cover in the area, and introduction of 
drought resistance crop varieties to reduce the risk of drought on the level of 
production and income sources of the people of the Elduiem locality area, 
and promote the early warning system. 
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 CHAPTER ONE 
INTRODUCTION 
1.1. Back ground: 
Series of drought cycles hit the Sudan since the1960s, mostly stricken 
the western, eastern, and northern parts of the country. Drought had a 
negative economic and socials effects resulted in mass migration of 
people from affected areas into urban area including Khartoum, Gezira 
and White Nile States. 
Drought believed to be accentuated by climatic variations, 
mismanagement of resources; leading to desertification, which cause 
the poverty, famine, social conflicts, and massive rural to urban                                                             
migration Haikal (2005). The process of desertification is highly 
associated with frequent drought cycles occurrence which has an 
accumulated effects on the ecology and a negative serious socio-
economics impacts on the people of the Sudan, particularly in rural 
areas as clearly stated by Ayoub (1999), that: "The resultant ecological 
disturbance led to change from damper years of the 1950s to a 
catastrophe a series of dry years of 1960s into the 1990s." 
A cycle effects of the drought can be traced through a long destructive 
impacts that can be stated as follow, the drought will push people to 
utilize more marginal area for production, either by cutting community 
reserved forests, or by overgrazing; this will lead to desertification and 
of course it will intensify the drought in its period and strength. 
Since population majority depends on traditional agriculture ( food crop 
production, and animal razing) for their living .then the drought will be 
a vital issue  because directly it will affect food production and the 
wellbeing of the society.      
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1.2. Problem statement:                                                                                                                             
 The area to the west of the White Nileis truly a representative of 
an arid and semi-arid ecosystems dominating Central Sudan. 
People depend entirely on utilizing natural resources for 
livelihood, traditional rain-fed farming and livestock production 
activities. The pressure exerted on the existing traditional forms 
of land use by great number of people and livestock  population 
resulted in adverse effect on soil fertility which result in 
deterioration of natural recourses, desertification and declining 
productivity of crops as seen in the map (1.1) below .  
 
 
Map (1.1) Elduiem area Map 
 
  The problem of drought arises due to the instability in climate                                                                                  
change reflects in rainfall with most seasons below normal 
average. Figure (.1.).  
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Source: Badi, (2005) 
 Figure (1.) Rainfall in Elduiem area during the period (1930-
2000) 
 
Such instability in rainfall would lead to instability in food supply, cash 
crops earning and social welfare of the people of Elduiem. Accordingly, 
this study attempts to assess the present and future expected 
implications of drought on the socio-economic status of people at 
Elduiem area of White Nile State. 
The above mentioned factors collectively were manifested in the 
decline of productivity of crops, which consequently  led to poverty, 
social conflict, seasonal and continuous migration to the big cities and 
the adjacent irrigated schemes (e.g Gezira scheme) searching for good 
services and jobs to secure their income. 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
4 
1.3. The main objective of the study : 
The main objective of the study was to investigate the impact of 
drought on the socio-economic situation of traditional agricultural 
system of Elduiem.area of White Nile states  
 
1.4. The specific objectives were:  
· To assess the impact of drought on the current status of 
socio economic situation in Elduiem area  
· To project the expected rainfall in the coming 30 years and 
its impact on crop production. 
· To assess the extent of income level and poverty 
distribution among rural groups of Elduiem area. 
1.5. Hypotheses: 
1) Fluctuation and drop in rainfall joined with the traditional land use 
systems led to low productivity of crops and fodder which resulted 
negatively on the farmer income. 
2) The adverse effects of climatic change had initiated and aggravated 
desert encroachment through overgrazing. 
1.6. The methodology of the study: 
The study was conducted in Elduiem area where three locations were 
selected namely Arashkol, Shabasha, and Elbaja. A field survey was 
conducted during May 2004 to collect primary data use are designing 
questionnaire, One hundred and forty farmers were selected from 
irrigated, and traditional rainfed areas  using stratified random 
sampling, and secondary data were also obtained from official 
resources.  
The study used descriptive statistics methods for analyses of socio 
economic characteristics primary data by using statistics packages for 
social science (SPSS), the study also used Global Circulation Models 
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(GCM) to generate predictions for the coming 30 years and linear 
programming, and FAOMET model to analyze rainfall distribution by 
decades. 
For environmental analysis statistical data on climate, rainfalls, 
temperature, wind. Validated for the 30 years, were also obtained from 
past years baseline period 1961-1990 including the, dry years of 
Sahilian Drought of 1980s. An average production per feddan for the 
best 3 years in the study area as parameters for standardization was 
used to compare the current production level with the expected 
production in the future according to the FAO. Standard Water 
Satisfaction Index (WSI). Economic measures of growth rate of food 
crops production using Excel spreadsheet software. The spreadsheet 
was used to study the relationships between production and basic needs 
(food consumption of the farmer as a household). The generated reflect 
distribution of the respondents and poverty line had been identified. The 
poverty line and the Lornze curve was generated to indicate the extent 
of poverty and income equality among respondents of the study area. 
Correlation was used to investigate relationship between Income, Prices 
and rainfall 
1.7. Organization of the thesis  
The study is composed of six chapters, where chapter one giving the 
introduction, the problem, objectives, hypotheses, and methods of data 
collection and analyses. 
Chapter two tackles the literature review. Concepts and definitions of 
drought and its impact on dry land, with reference to the natural 
resource development, human economic practices, land use system, 
animal practices, and plant productivity were discussed. Chapter three 
covered agricultural sector and the factors affecting food crop 
production, human activities, and environmental activities in the White 
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Nile area. Chapter four and five gave were decovered to the descriptive 
statistic analyses and other analytical models of food crops change 
(sorghum and millet as main crops for food security), Lornze and Gini 
coefficient models. The last chapter contains the summary; findings, 
conclusion, and the recommendations of the study.  
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CHAPTER TWO 
LITERATURE REVIEW 
2.1. Introduction: 
This chapter presents the relevant literature review, including 
definitions and concepts of drought, their types, and impact in Africa, 
the Arab countries and in Sudan, climate change, development projects 
in the study area, and past and present projects for combating drought 
and desertification in Sudan. Conceptual and operational definition of 
drought summarised by The Ojos Negro Group Research (2003) as: 
 
a) Conceptual definitions of drought: drought is a protracted period 
of deficient precipitation which causes extensive damage to crops, 
resulting in loss of crop yield.  
 
B) Operational definition of drought: This was given by group 
research (2003), who defined this was drought as natural phenomena 
that occurs over cycles, and may extend overtime with different 
characteristic in different regions. It has a negative effect on the socio-
economic situation of people living in drought affected areas, may 
exacerbate the negative impact of the desertification process.  
 
2.2. Types of droughts:   
Meteorological drought is region-specific as the atmospheric conditions 
result in deficiencies of precipitation are highly region-specific.  
Agricultural drought related plant demand with meteorological drought. 
Resulting precipitation shortages high evapo-transpiration, increased, 
soil-water deficits, and reduced groundwater or reservoir levels. 
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Hydrological drought refers to a persistently low discharge of water in 
streams and reservoirs, lasting months or years. They are usually related 
to meteorological droughts, and their recurrence interval varies 
accordingly.  
Socio-economic effects  of drought associate will change in  supply and 
demand of certain economic goods due to incidents of meteorological, 
hydrological, and agricultural droughts. Ojos Negro Group 
Research,(2003)  
2.3. Impact of drought: 
Impact of drought on the economy: 
· Losses in yields in crop and livestock production, 
·  Insect infestations, plant diseases, and wind erosion,. 
· Forest and range fires,  
· Income losses,  
· Unemployment,  
· Increased credit risk for financial institutions and capital 
shortages, 
· Eventual loss of tax revenue for local, state and federal 
governments,  
· Increase of prices for food, energy, and other products as supplies 
are reduced.  
Impact on the environment: It results in damage to plant and animal 
species, wildlife habitat, water quality, forest and range fires, 
degradation of landscape quality, loss of biodiversity, and the soil.  
Impact on society affect public safety, health, conflicts between water 
users, reduced quality of life. The effect of droughts forces people to 
move out of their home land because of shortages of food and water 
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 This will increase pressure on social infrastructure of urban areas and 
lead to increased poverty and social unrest. 
 
2.4. Drought in the world: 
Drought affects agricultural and nomadic life of more than 900 million 
person due to food shortage increased the prices of the main food. This 
will affect the sustainability of production of whole land in the world 
according to the green house effect and global warming and its 
relationship with CO² and others gases. 
 
2.5. Drought in Arab countries: 
Several parts of the countries in the Arab world suffered from 
environmental problems including desertification, sand encroachment, 
land degradation, climate change and drought. These were due to 
severe grazing and deforestation. Table (2.1-2.2) shows the desert and 
semi desert areas in Arab countries: 
The total area of the Arab countries is about 14.3 million square 
kilometers. The total desert area covers about 9.76 million square 
kilometers (AOAD), (2002). 
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Table (2.1) the desert and semi desert areas in Arab countries 
 
Source:  (AOAD,2002). 
Region  Desertfied area Semi desertified area 
Total area 
Km2 
Km2 % Km2 % 
West Africa ( Arab Countries) 
Morocco 
710.850 455.000 64.01 195.000 27.43 
Algeria 2.381.000 1.970.000 82.74 230.000 9.66 
Tunisia 162.300 65.000 39.73 59.000 36.06 
Libya 1.806.530 1.625.877 90.00 180.653 10.00 
Mauritania 1.030.700 618.420 60.00 343.223 33.30 
Subtotal 6.092.960 4.734.297 77.7 1.007.876 16.54 
Nile basin and African Horn  
Sudan 
 
2.505.813 
 
725.200 
 
28.94 
 
650.000 
 
25.94 
Somalia 638.000 87.000 13.64 434.000 82.70 
Egypt 1.100.145 1.064.145 96.73 36.000 3.27 
Jubotei 21.783 20.911 96.00 100.872 4.00 
Sub total 4.265.741 1.897.256 44.48 220.872 28.62 
Arabic east :Syria 185.180 18.500 9.99 109.020 58.87 
Jordan 89.206 71.000 79.59 10.000 11.21 
Lebanon 10.400 - - - - 
Palestine 21.090 8.500 40.30 4.408 20.90 
Iraq 437.500 166.687 38.10 237.563 54.30 
Sub total 743.276 264.687 35.60 360.991 48.56 
Semi arabi gezira: Yemen 536.869 407.182 75.84 89.687 16.18 
Suidia Arabia 2.250.000 2.080.000 92.44 170.000 7.56 
Oman 300.000 267.000 89.000 23.000 7.67 
Qatar 11.610 11.610 100.000   
Emirate 83.600 83.600 100.000   
Kuwait 17.818 17.818 100.000   
Bahrain 670 670 100.000   
Sub total 3.200.563 2.867.880 89.61 282.687 8.83 
Grant Total  14.302.644 9.764.120 68.37 2.872.426 20.08 
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Table (2.2) Deterioration of range Land and desertified areas in some of Arab 
countries   
Country Desert and semi desert. Range area by 
square kilometer 
Percentage of total 
country area (%) 
Sudan 650.000 26.0 
Somalia 524.000 83.7 
Libya 381.000 21.0 
Mauritania 343.000 34.3 
Iraq 238.000 54.3 
Algeria 230.000 9.7 
Morocco 195.000 27.4 
Syria 109.000 58.9 
Tunisia 59.000 36.0 
Jordan 15.000 16.5 
Total 2.654.000  
Source: (AOAD),  2002. 
Table (2.3) Level of rainfall in areas of Arab countries 
Rainfall level m/year Area Level Of annual variation 
 (000) Ha % % 
>1000 27835 2 10 
600-1000 81559 5.9 10-15 
300-600 132025 9.6 15-30 
100-200 219323 16 30-50 
100> 916003 66.5 >50 
Total 1376945 100  
Source: (AOAD) -2002.  
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2.6. Impact of desertification in Arab Countries:  
Agricultural sector plays an important role in the economy of many 
Arab countries. In spite of that, agricultural sector contribution in total 
domestic product (GDP) is lowest in percentage; the low contribution 
of the agricultural sector could be attributed to the deterioration of the 
natural resources, desertification phenomena, traditional production 
system, decreased output as a result of reduced rains and drought. 
(AOAD).( 2002) 
2.7. Drought in Africa 
According to AbdAlhadai, et al. (2004), drought in Africa, was  
serious and associated with socio-economic miseries in form of large-
scale water and food deficits, hunger, famine, migration of people and 
animals, and death. Moreover, the economies of most of these African 
countries rely heavily on the exports of rain-dependent agricultural 
products, which are often seriously affected during the years of severe 
drought. Thus, drought occurrence in the continent generally causes 
severe reductions in foreign exchange earnings.   
Dry land in Africa comprise one third of the world total corresponding 
to 65% of entire continent and is inhabited by 400 million people.  
Elasha (2005) described the links between climate change and 
sustainable development in Africa.  growing environmental 
degradation , including deforestation, desertification, declining soil 
productivity, biodiversity loss and fresh water depletion, all of which 
affect sustainable economic growth. Poverty is another major obstacle 
to sustainable development in Africa. Niger provides one example of 
how climatic events (drought) coupled with low coping capacity has 
led to disastrous impact on poor people.  
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2.8. Drought in Sudan: 
The Sudan being one of the Sudano -Sahilian countries has been 
affected by drought since the late sixties of the past century. It had 
imprints on natural habitat, means of livelihood and socio-economic 
fabric. In 1993, about 4.95 millions feddans of forests were cut 
annually, (Sudanese Environment Conservation Society, 1993),and 
with an annual rate of deforestation estimated at about 282 million 
feddans. A.Magid,(1995). 
According to Khalfalla (1995), the impact of drought year of 1983-85 
combined with the general misuse and deterioration in the productive 
capacity of the land led to a devastating famine that over took many 
lives and left thousand displaced.  
 
2.9. Drought and DesertificationExtent: 
Abdalhadai et al. (2004) indicated that drought and desertification in 
Sudan had threatened the irrigated sector, mechanized and traditional 
rain-fed agriculture. Large tracts of soils, even in the Gezira Scheme, 
have fallen out of production due to desert encroachment. Similarly, 
forestland across the country, especially the gum Arabic production belt 
in Kordofan, has been are threatened. The major effect of drought on 
natural resources resulted in the following:  
· Decline of production and productivity of the main food crops,. 
· Shortage in fuel wood, 
· Deterioration in environment, 
· Deterioration of natural resources. 
· Shifting of sand dunes 
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Alwakeel, (2004) mentioned that the plant of (Albegale (Blepharis 
linarfolia), Abo rakhees (Andoropogon gayanus), Altamaam (Panicum 
tugidum), Alesag (Zornia glochidata), Alsarh (Maerua crassifolia), 
Alkormut (Cadaba glandulosa) were about to disappear and to be 
displaced by poison fodder plants in Albotanna area and North 
Kordofan and Darfur, White Nile and Gezira states, and other area in 
the north part of the Southern states.   
In North Kordofan and North Darfur sand is continuously heaping over 
fairly productive soil. The entire strip of the River Nile is subjected to 
serious sand dune encroachment, particularly in the area between Delgo 
and Karima. 
Alhanan, (1994) mentioned that drought had an adverse effect on food 
production and the environment. The estimated deficit in cereal grains 
production in 1985 was about 1.16 million metric tons due to the 
drought of 1984, which hit North kordofan and North Darfur States. He 
also added that the drought of the mid 1980s' in North Kordfan 
disrupted the traditional economy of farmers causing dramatic declines 
in crop production and range land vegetation  
Alhanan, (1994) pointed that the first adverse impact of drought on crop 
would lead to raise a grain price in the local markets, losses of 
livelihood and employment opportunities.  
 
Salih (1996) indicated that the magnitude of desertification, drought 
effect and desert encroachment in Sudan were addressed according to 
both old data and recently Sudan and NDDU produced data by GIS. 
The newly compiled maps by NDPU show rainfall fluctuation, the 
geomorphology, drainage, main wadi soils and wadi recourse, open 
wells and boreholes, desert marginal Zones and desertification class of 
the areas at risk of drought between latitude 10-18 North. 
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The desert marginal area has been defined and quantified using NDVL 
data.  
Table (2.4) indicated that about 51% of the Sudan total area has been 
affected by desertification between lat.10-18N. 1.260 square kilometre. 
                                    
Table (2.4) Area at Risk to Drought Between lat 10-18 N 
                                                                      Area in 1000 Square Km 
Desertification 
Classes 
Ecological  
Zones 
Rainfall 
(mm) 
*Area 
(Km2) 
% to Zone  
Area 
% To 
Sudan 
Area 
Desert Desert 0-100 307 24.4 12.3 
Very Sever-sever Semi desert 100-300 414 32.9 16.6 
Moderate Low Rainfall Savannah 300-800 513 40.6 20.6 
Slight- Very. 
Slight 
Mountain Vegetation 
Higher Rainfall 
Savannah 
600-
800>800 
0.8 
25 
0.1 
2.0 
0.0 
1.0 
Total   1,260 100 49.5 
Source: Salih (1996) 
Salih (1996). induced five ecological zones affected by drought and 
desertification between latitude 10-18 North.:  
1. Basement complex. 
2. Nubian Sandstone formation. 
3. Volcanic Mountain complex. 
4. Goz 
5. Alluvial deposit 
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Salih (1996) also mentioned that, the study indicated that the soils in 
geomorphic units comprise  Goz soils,  Alluvial deposits, Ash Soils, 
and Riverian deposits  
Clay soils 
The total (sline) soils have been estimated at 5 million feddans (1 
Feddan=0.42 ha), only 1/5 had been surveyed. The hazard of salinity 
and sodicity occurs in Northern Gezira, on both banks along the White 
Nile; north of Kosti. and extends to the northern states. 
Adam (2002) stated that large areas of Sudan, where rain-fed crop 
production and extensive grazing are practiced, are subject to unreliable 
rainfall. The total annual amount may be sufficient for crop production. 
The immediate results are low crop yields and poor pastures, which 
lead to poor human nutrition and poor livestock production, shortage of 
water for human being and animal, increase poverty and migration. 
 
2.10. Drought, precipitation and climatic change in Elduiem: 
Parry (2004), Indicated that climate change may affect all facets of 
economic activity. The problem would arise once rainfall and 
temperature are considered together. The 1921-1950 rainfall was 
considered as a wet period for Elduiem of 330mm. Salah,(2003) 
indicated  that during the period 1987-2002 the two metrological station 
of El Duiem and Khartoum registered more rainfall fluctuations than 
that of 1970-1986. The floods of 1988 recovered vegetation against 
wind and water erosion,  with the alluvial plain increasing its vegetative 
cover from (10 Km2 to 912Km2 by (21%). 
There has been no increasing trend in rainfall during 1987-2001, with 
active sandstorms and mobile sand dunes covering only 495 Km2 
(21.2%), while the thin sand sheets had extended to cover 1445 Km2 
(33.1%).The alluvial plain with thin sand sheets decreased to 1183 Km2 
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(27.1%).In such more people evacuated their villages and moved 
southward into the scheme accompanied by their remaining livestock.  
Parry (2004) result that showed  the plot of five-year running means of 
rainfall at Geteina station indicated clearly the general decline of 
precipitation since the mid 1930s and the acceleration of this decline 
during the 1970s 
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Source: FAO (2005) 
Figure (2.2) Map of White Nile Area 
2.10.1. Drought in Arashkhol area: 
Abu Sin (2003) indicates that the size and composition of the family 
makes it easier for some members to find alternative forms of income in 
drought years. Migration beyond a certain point, for the younger 
members, makes the family less able to provide the necessary 
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manpower to make the best use of crop- and livestock-farming 
possibilities. Only 15 per cent of the farmers had ages between 20 and 
35 years, and 20 per cent of the manpower per family was working 
outside the area in any one year. 
1. Table (2.5) Estimation of the productivity of the 
traditional rainfed in Baja area 
                                   *Yield per kilogram Hectar (Shambat) 
Yield/crops Water 
million 
Sesame Millet Sorghum 
Minimum 63 95 205 125 
Maximum 315 440 490 503 
Medium 170 220 208 236 
2. Source: Abu Sin, (2003)  
3.  2.10.2. Drought in Baja area (Production and 
Productivity):- 
Drought affects hashab garden and live stock, especially cattle, sheep 
and camel. About 8% of the family in Agedt eltair and about 7-12% of 
the family in Shanabla village had lost their livestock. 
The effect of drought on sesame and millet crops in Ageidt eltair in 
Eldueim area. Shown in table (2.6).  
Table (2.6) Drought in Baja area (Production and Productivity):- 
 
Crop After drought Before drought 
 Fair yield Good yield Fair rainy season yield Good rainy season  
yield 
Millet 108 128-321 301 514-643 
Source: Abu Sin, (2003).  
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2.10.3. Drought Eeffect in Vegetation: 
Mohamed, A.Y and Mohammad, Mustafa, (2005) summarized that 
wind erosion as one of the major desertification processes in Sudan. 
Wind Erodibility Groups (WEGs) of Sudan were comparable with 
international groups and thus they could be useful for quick mapping of 
Wind Erodibility in the White Nile state.       
2.11. Assessment of Climate Change Impact in Sudan: 
According to Abd Elhadai et.al (2004) the latest survey by Forest 
National Corporation (FNC) (1995) showed the total annual removals 
of the Sudan forest amount to 15.77 million m3, for all wood products, 
wood fuel (fire wood, charcoal) consumption accounted for 87.6% 
(47.2% as firewood and 40.4% in the form of charcoal), while 
construction, maintenance and furniture wood accounted for 7.2%, 
3.8% and 1.5% respectively 
Table (2.7) Total wood consumption in Sudan in1995 
                                                                                         (million cubic meter) 
Sector Wood fuel Poles and saw logs Total % 
Firewood Charcoal Construct Maintena
nce 
Furniture 
Household 
6148380 6070207 1113172 573002 201768 1416528 90 
Industrial 1050174 11673 1796 689 1359 1065691 7 
Commerci
al services 
31636 283899 17862 21594 34837 389828 2.5 
Quranic  
Schools 
(Khalwas) 
209044 0 393 0 0 209437 1.3 
Total 7439234 6365779 1133223 595285 237964 15771484 100 
% 47.2 40.4 7.2 3.8 1.5 100  
   Source: Abd Elhadi, (2004)  
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Table (2.8) shows the consumption of forest product by households 
sector both urban and rural. Urban households consumed 35.6 %( 
5.02million m3) of wood consumed by the sector, while rural 
household consumed the remaining 64.4 %( 9.08 million m3). The 
table explains clearly that rural people are the major consumers of 
forest products (fire wood, furniture) more than the urban people.  
 
Table (2.8) Rural-Urban household consumption of forest 
products in 1995  (c.m) 
House
hold 
Firewood  Charcoal Construction Maintenance  Furniture Total % 
Urban 
976515 3619601 202645 153159 72053 5023973 36 
Rural 5171865 2450606 910526 419842 129715 9082554 64 
Total 6148380 6070207 1113171 573001 201768 14106527 10
0 
% 43.6 43.0 7.9 4.1 1.4 100  
 Source: Abd Elhadi, (2004) 
 
2.12. Agriculture and Climate Change: 
Transveer et al (2003).\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ proposed that some 
research exists in the field of migration due to environmental 
degradation, and with respect to the 1980s famine in Ethiopia and 
Sudan, with inclusion of the political conflicts resulting in resettlement. 
Much work has been done on climate change impacts like food security 
and water recharge on the Nile. 
Transveer (2003). Stated that agriculture in dry tropical and alternating wet 
and dry climate regimes, where most of the developing world is located, 
is expected to be negatively affected by climate change. The findings of 
various research efforts in these areas bear out to this possibility. A 
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glance at the following Table (2.9) sheds some light on this claim; the 
predicted yield losses due to climate change in low latitude dry areas 
and dependence on agriculture makes climate change a prime concern 
to the developing countries. For example, a country like Mali facing 
food security challenge due to its impoverished natural resource base 
and its dependence on rainfall for agriculture, climate change may make 
it substantially more difficult to produce adequate food for its growing 
population. Also these countries which are least equipped with means to 
guard their agriculture from adverse effects of climate change. Since 
agriculture is the major employer, climate change may pose substantial 
risk to the livelihood of millions of people residing in these countries. 
 
Table-2.9 Yield Impact by Country 
 
Source: Transveer (2003)  
 
Zhang, (2008) mentioned that drought affects maize yield to some 
degree at almost all growth stages, but the crop is most susceptible 
during flowering. Yield losses to drought stress can be directly related 
to the number of days that the crop shows stress symptoms during 
different growth periods: 
Study Country Crops Yield Impact (%) 
Muchena, 1994 Zimbabwe Maize -40 to –10 
Eid, 1994 Egypt Wheat 
Maize 
-75 to –18 
-65 to +6 
Downing, 1992 
Rosenzweig and 
Iglesias, 1994 
Senegal 
Pakistan 
Philippines 
Millet 
Wheat 
Rice 
-70 to –63 
-61 to +67 
-21 to +12 
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1. Vegetative stages. 
2. Tassel Emergence. 
3. Silk Emergence pollen shed. 
4. Blister through Dent stage of Kernel Development. 
He added that in China when dry weather has contributed to corn stands 
with uneven emergence, and development, yield loss may range from 5 
to20 % depending on various factors such as the length of emergence 
delays and the percentage and distribution of later emerging plants. 
Where there is considerable variability in plant size, smaller, stunted 
plants will be at a competitive disadvantage with larger plants for 
nutrients, water and sunlight. 
Chang,  (2008) resulted that the best options for crop production yield 
improvement and yield stability under soil moisture deficit conditions is 
to develop drought tolerant crop varieties:  
a) Plant Strategies for drought conditions as follows:  
1. Plant Escape: avoiding drought conditions by matching 
phonology to available moisture regime e.g. early maturing. 
2. Drought avoidance: avoiding water deficit at cell/issue level and 
maintaining turgor in spite e.g. drought conditions. e.g. leaf 
rolling, waxy leaf surface, deep rooting etc. 
3. Drought tolerance: maintaining plant growth and development at 
low tissue water status with minimum injury, e.g. accumulation 
of osmolites, high activity of scavenger enzymes (SOD, asco-
rbate peroxidise). 
B) Breeding Methods by traditional methods,  and Biotechnology 
and bioengineering techniques 
c) Screening techniques by utilizing existing genetic variability 
requires an efficient screening technique. 
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2.13. Past and present projects for combating drought and 
desertification in Sudan: 
2.13.1. Sudan policies and legislation and legal action for 
combating drought and desertification: 
National drought and Desertification Unit, (NDDU) HCENR ((2003) 
reported that The Sudan has several projects for combating drought and 
desertification. Comprehensive National Strategy (1992-2002) called 
for preparing and implementing programmes for combating 
desertification and mitigating the effects of drought as a prerequisite 
for sustainable development. In the UN Conference on Environment 
and Development (UNCED, 1992) at Rio De Janerio, Brazil, it was 
emphasized that desertification is a global phenomenon that requires 
global coordinated action. The United Nations Convention to Combat 
Desertification (UNCCD) was thus initiated, elaborated and signed as a 
provision for the success of these required elements. As a first step, a 
National Action Programme (NAP) should be prepared. The UNCCD 
outlined the basic approach, principles and the general features and 
contents of a model NAP. The conception underlined the principle of 
integrating strategies for poverty alleviation with projects for 
combating desertification. It also emphasized those socio-economic 
and demographic factors contributing to desertification. It also called 
for the use of existing international instruments in different sectors: 
Convention on biodiversity (CBD), Framework of the Convention of 
Climate Change (FCCC) and the Global Environmental Facility (GEF) 
mechanism. 
 
The Bottom-up or participatory approach was emphasized as an 
effective method for generating the popular participation mechanism. 
A popular consultation process is essential for ensuring the effective 
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participation of all stakeholders including farmers, pastoralists, youth 
and women, CBOs, and NGOs. An enabling environment is needed for 
such a scenario to function. 
2.13.2. Policies: Sudan has experienced the problems of drought, 
desert encroachment and desertification since the late sixties. In 
response Sudan has prepared and started implementing the desert 
encroachment and rehabilitation programmes (DECARP) in 1976, 
followed by the National Plan of 1985 and the Guideline for the 
National Plan of 1991.  Sudan has already adopted a long term strategy 
within the Comprehensive National Strategy (1992-2002) and 
embarked on packages of national plans have been formulated aiming 
at mitigating the effects of drought and desertification and curbing 
environmental and land degradation for sustainable agricultural 
development. Combating desertification was formulated as an integral 
part of the National Comprehensive Strategy for Sustainable 
Development (NCSD) and restoration and protection of biodiversity. 
The National Comprehensive Strategy is the outcome of policies and 
objective set out through the activities directed to the conservation of 
the environment and non-governmental institutions, and organizations. 
Thus the main objectives of these policies are the achievement of food 
security, appropriate utilization of natural resources and sustainable 
development, poverty eradication, mitigation of drought effects and 
desertification control. 
2.13.3. Legislation:  
The existing legislation comprises more than 150 acts orders and 
regulations related to environment. Legislation pertaining to 
conservation of natural resources and environment is characterized by 
the following drawbacks: 
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· Being an adhoc, fragmented, and uncoordinated and lacking a 
unifying framework. 
· Not guided by general principles of resource management and 
conservation. 
· Environmental laws and regulations are rarely enforced. 
The enforcement of these laws is entrusted to about 33 different 
government institutions. Post Rio  
Conference the Sudan has established the Higher Council for Environment 
and Natural Resources in 1992 (HCENR) to be responsible for 
coordination, supervision and monitoring of relevant activities. 
The remain legislation comprise the following Acts: 
· The Environmental Health Act, 1975 
· The land Acquisition Act, 1930 
· The National Forest Act, 1989 
· The Agricultural Pest Control Act, 1919 
· The Preservation of Wild Animal Ordinance, 1935. This was 
replaced by The Wild Life Conservation Act of 1981 and amended 
in 1986. 
· Act of Forests and other renewable natural resources 2002. 
2.13.4. Sudan Legal Action for Combating Desertification: 
NDDU (2005), reported that land tenure systems in Sudan are 
complicated and consequently their role for optimum utilization of 
natural resources is not very effective. Rules and regulations protecting 
the environment as whole are available, but hardly effective. 
Sometimes the punishment was too light to bring any appreciable 
improvement or act as a deterrent. In other cases, the laws completely 
frozen for unknown reasons. Hence it is urgently needed to activate 
these laws and regulations.  
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The role of the HCENR in this respect is, of course, of paramount 
importance. At present, it is worth mentioning that laws can be issued 
at local (Mahalia), state  (Willaia) or national levels.   
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Source: GIS Center, Forest National Corporation 2005 
Fig (2.3) White Nile area (Duiem), Forest area 
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Source: GIS Center, Faculty of Engineer. University of  Khartoum. 
2005 
Fig. (2.4) Vegetation zones of The Study Area 
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Source: GIS Center, Forest National Corporation 2005 
Fig. (2.5) White Nile State(Duiem) rangeland  area 
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CHAPTER THREE  
AGRICULTURE IN SUDAN And In the White Nile  
 
3.1. Introduction: 
This chapter explain the status of agricultural sector e.g. climate in the 
Sudan ,farming systems,  agricultural policy, environmental changes in 
rain fed sector factors and land uses policies and information about the 
study area. 
3.2The Agricultural sector:-  
3.2.1The role of the agricultural sector in the national economy:- 
Osman, (2004). Agricultural sector is the dominant and leading sector 
in the economy. The importance of the agricultural sector is clearly 
manifested by the contribution to export earnings and to GDP. The 
value of agricultural exports contributed 90% of the total country 
exports earning until 1999. Since then revenue from export of oil has 
taken the lead. The contribution of agricultural sector decreased to 23 % 
in 2001 as second main sources of foreign exchange. The contribution 
of agricultural sector to GDP increased from 35% in 1989 to 47 % in 
2002 reflecting rapid growth in the agricultural sector accompanied by 
slower growth rate in the non-agricultural sectors. 
Agricultural sector is the main employer of the labour force in the 
country. The importance of the sector is further reflected by the fact that 
the industrial sector depends mainly on agricultural raw materials for its 
development. 
The growth of the other sectors such as service, commerce, 
transportation and communication, etc. are depend on agriculture. 
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Source: OSMAN (2004) 
Map (3.1) Map  of the Sudan 
3.2.2. Climate of the Sudan: 
 
The northern parts of Sudan rarely receive rains through a belt of 
summer rainfall of varying amount-increasing southward to almost 
equatorial type of rain in the extreme southwest Sudan where dry 
season is very short.   The divisions of seasons may be accepted 
according to the durations of these seasons that vary with latitude and 
could be classified as: the rainy monsoon season (June - September), 
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advancing monsoon season (March - May), post monsoon season 
(October - November) and winter season (December - February). The 
rainfall increases from north to south and the annual amount is zero 
millimetres in the extreme north of the country rising to 500 mm in 
central Sudan, to more than 1250 mm in the extreme southwest of the 
country as shown in Map (3.2). The coefficient of rainfall variability 
decreases from north to south (190 to less than 15%) as shown in Map 
(3.3). The mean annual temperatures in Sudan vary between 26° - 30°C 
(El Sayem, Kafi & Fudl El Moula, 2003). 
The highest temperatures over the extreme northern parts vary between 
46°- 49°C during May - June and the lowest minimum temperatures in 
winter vary between 2°- 10°C during December - January in the 
northern parts. 
Elhadi (2005) summarized that: the climate in White Nile area is arid 
and semi arid characterized by worm winter with average daily 
temperatures of 20 to 28 centigrade and dry winds. Maximum summer 
temperature may rise to 45 centigrade or higher. The short rainy period 
(July –October) of 70 to 100 days marked variation in distribution and 
duration. The annual average range is between 200mm. In the north and 
increases to 500mm in the south.  
Ahmed,E. (1988). Mentioned that the relationship between annual 
primary production has been subjected to many studies. A common 
result of all these studies is that although appositive relationship exists 
between annual rainfall and production. The scatter is generally very 
large.    
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Map(3.2): Sudan Normal Rainfall in MM for the period (1971-
2000) 
 
Source: Sudan Meteorological Authority, (2002) 
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Map (3.3):Sudan Rainfall Coefficient of Variability in 
Percentage for the Period (1971-2000) 
 
Source: Sudan Meteorological Authority, (2002)  
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3.2.3 Farming systems:- 
     Farming systems in the Sudan are functions of ecological zones and 
socio-economic conditions. Crop production is practiced under three 
main farming systems, namely irrigated, semi-mechanized and 
traditional. The other farming systems are livestock, fishery and 
forestry. 
Table (3.1) Land area under different land use categories in Sudan 
[million ha] 
Land use categories Year 2000 Year 
2005 
Year 
2010 
Forest land> 20% crown cover 3.069 2.939 2.81 
Forest land 10-20% crown cover 4.486 4.283 4.079 
Scattered trees and shelters and shrubs 
rangeland 
42.751 40.81 38.87 
Grass rangeland 20.11 20.11 20.11 
Wildlife protected land 11.78 11.78 11.78 
Waste land 15.88 15.065 16.249 
Irrigated agriculture 1.86 1.86 1.86 
Mechanized rainfed agriculture 7.6 8.85 10.3 
Traditional agriculture 8.56 9.31 9.95 
Source: J.Awimbo, (2004). 
 
3.3 Targeted Agricultural policy: 
Alawad  (2oo4). The policies of Sudan started sporadic switching from 
state direct intervention into export and market oriented. At the global 
level, the aimed at: Insuring the macro (financial and fiscal) and micro 
(agriculture) is working in a harmony.  
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The long term effects of soil erosion are manifested in declining crop 
productivity and the degeneration of rangelands and forests table (3.1) 
show the land area under different land use categories. 
 
3.4 Environmental changes in rainfed sector factores: 
Gamal Eldin (2000) summarised that, as a result of planned and 
unplanned expansion in rainfed farming environmental degradation and 
the misuse of natural resources has assumed special importance. The 
area of greatest concern is the central clay plain, which is the most 
important rainfed-farming region. A brief resume of environmental 
changes that have taken place is given in the following:   
 
3.4.1 Change in the Ecology:  
The mechanized rainfed schemes and the potential areas available for 
future expansion exist within the central clay plains of the low rainfall 
savannah sub-ecological zone of clay soil. The herbaceous vegetation 
formation, composition and distribution are usually the function of 
many divergent environments resulting from action and interaction of 
soil, climate, topography and the predominant human and animal 
activities. These environmental interactions, particularly rainfall and 
soil, have resulted in the creation of a wide range of sub-ecological 
zones which characterize the low rainfall savannah ecological zone on 
clay soil. Gamal Eldin, (2000) added that, the most important factors 
play in the clay plains are in the following: 
 
3.4.2.  Expansion of rainfed farming:  
The rainfed mechanized farming resulted in increasing cutting of tree of 
vegetation. The change over from an environment with trees to treeless 
environment, together with the persistent intervention of man through 
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various farming operations, has brought a significant change in the 
composition of vegetation that grows naturally. Only species that can 
survive as weeds have survived. 
3.4.3. Over grazing: 
As indicated previously, almost 27 million of the grazing resources 
were removed from rainfed farming within the central clay plain, as a 
result of this fact, exist livestock population’s are more than the 
carrying capacity of the remaining grazing resources. This unbalanced 
situation created overgrazing which resulted in reduction of more 
palatable plant species and the domination of the less palatable ones.  
3.4.4. Dry season fire:  
Fires occur either through negligence or through deliberate burning of 
the vegetation for traditional farming. Repeated burning results in 
replacement of perennial species by short-lived annuals of low 
nutritional value. The change is brought about through the removal of 
ground cover and as a consequence, the perennial species. 
3.4.5. Drought:  
The amount of rainfall received in any area is a major determinant of 
the composition of vegetation cover. Over time, plant species become 
adapted at varying degrees to a particular pattern of rainfall and 
accordingly they manifest dominance, semi-dominance or otherwise. 
Reduction of water supplies for a number of successive seasons reduces 
the survival of the most adapted species and increases the intensity of 
species that are more adapted to lower rainfall  
Gamal Eldin (2000) mentioned that The combined effects of the above  
factors are mainly the shift southwards of boundaries that separate the 
major dominant ecological zones. The shifts of sand dunes from the 
affected areas in the north have created sandy clay pockets within the 
central clay plain in the low rainfall ecological zones. Within these 
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newly transported sandy soils, the original climax species of the central 
clay plain are being replaced by semi-desert vegetation types which are 
adapted to the new environment.  
3.4.6. Land uses policies in the Sudan: 
Policies regarding land use in the Sudan are drawn and implemented by 
various agencies within the Ministry of Agriculture and Forestry 
(MOAF). However, recently local government and MOAF started to 
allot land for investors with little coordination with (MOAF). Efforts 
are now under way to unify and centralize land use policies. 
Sudan government policy is now directed towards rehabilitation of 
existing schemes and establishment of shelterbelts. Forest Department 
policies emphasized the establishment of shelterbelts in rainfed 
mechanized schemes and replanting areas unsuitable for cropping and 
encourage farmers to restock belts in their schemes. There is 
government lease agreements with rainfed mechanized schemes farmers 
that every one should leave unclean or replant about 10%-20%of the 
scheme area as shelter belts according to the Act No.345 in 1989. 
However, the percentage of the farmers who adopt the regulation is 
very low because most of the farmers are interested in cultivation of 
cash crops and renting reserved forestry from the government and make 
charcoal from the natural hashab garden , Gamal Eldin, (2000). 
In general, small-scale farmers and herders in the traditional rainfed 
farming and livestock sectors (rural areas) are more prone to poverty 
than those in irrigated areas. Those without land are dependent on cash 
earnings from casual labour, such as collecting firewood and making 
charcoal... 
Smallholder farmers are hindered by the limited size of their land 
holdings, low rates of productivity and an inability to improve their 
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incomes. Because of the lack of rainfall and domestic water supplies, 
for most farmers the growing season is brief and crop failures are 
frequent. Pests and disease are problems they are ill-equipped to 
combat. Existing systems for research and agricultural support are 
unable to produce and disseminate new technical packages capable of 
overcoming these problems. 
Because they have limited access to credit, distribution and marketing 
channels, and because of their inadequate technical knowledge and poor 
skills in production and marketing, farmers find it difficult to break out 
of the cycle of low productivity and income. Seasonal migration in 
pursuit of wage labour opportunities on mechanized and irrigated farms 
and in urban areas has become widespread 
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Source: GIS Center. University of Khartoum, 2005 
Fig. (3.4) Soil Browing Hazard Central Sudan 
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Agricultural area in White Nile is about 3.970 million hectares; 
cultivated area is about 1.672 million hectare. Is about 42% farming 
system, irrigated system Gerofe, rainfed system (mechanized and 
traditional sector (Tross, bldat, Goz )  
 The following table (3.2) show the important crops cultivated in the 
area for food security and strategic storage. 
Table(3.2.) The main crops in the White Nile according to the land 
use system: 
Land use system Crops 
Irrigated land Sorghum, wheat, cotton, sugar cane, vegetable 
Gerofe Vegetable 
Mechanized rainfed Sorghum, sesame, sunflower. 
Traditional Sorghum, sesame and few millet 
 Tross Sorghum, vegetable 
Baldat Sorghum 
Goz Millet, karkadea, mellon 
Source Abu sin, (2003) 
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Source: GIS Center. University of Khartoum, 2005 
Fig. (3.5) Major Physical Features, Central Sudan 
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Source: GIS Center. University of Khartoum, 2005 
Fig, (3.6) Current Suitability for traditional Sorghum 
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Source: GIS Center. University of Khartoum, 2005 
Fig, (3.7) Current Suitability for traditional Millet 
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3.5. The study area 
3.5.1. Location: 
The study has been conducted in Baja,Shabasha,  and Arashkhol area in 
Elduiem province, of the White Nile State. This State has good natural 
resources (lands, water, forest, and animal resources is characterized by 
various natural resources, and semi arid climate.  
3.5.2. Forest: 
Rafaee  and Mustafa, (2001) reporting that Elduiem forests are located 
to the west of the White Nile River. The area of Elduiem forest is about 
301005 feddans representing about 11.8% of the province area as 
following 
* Nile reserve forest, 15240 feddans 
* Irrigated forest, 138 feddans 
* Dahra forest, 215587 fedans    
Forest trees are few (sunt, sayal, hashab). They dropped in because of 
cutting of trees for fuel and fire wood or clearing for agricultural 
cultivation. 
The state is dominated by, Acacia Seyal forest on the White Nile banks, 
at About Habil and in addition to the Eldhara forest which is dominated 
by Seyal tree in the north, and the Acacia Sp (Keter and Talih ) forest  
in the south the green coverage is gradually divers according to the 
amount of rain fall from north to south.  abd Alhadai (2004) 
3.5.3. Cutting of forests: 
 Seed Ahmad (2005) said in an interview that increasing in. illegal 
cutting of forests indicates the effect of drought. Usually illegal cuttings 
(crimes of forests) increase after crop season failure. Table (3.3) gives 
the number and type of forest crimes during 2002-2004 in Elduiem 
Forest Unit 
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Table (3.3) gives the number and type of forest crimes during 2002-
2004 in Elduiem Forest Sector 
Table (3.3) Forest crimes during 2002-2004 in Elduiem Sector 
Year No of crime Type of crime 
2002 24 Cutting/foal 
2003 24 Cutting/fire/tahreeb 
2004 46 Fire/crop reserve 
Source Seed Ahmad, (2005) 
3.5.4. The climate: 
The Climate of the area is characterized by a relatively long dry season. 
The summer season extends from June to October with maximum 
temperature margin of above 40°C, and minimum temperature margins 
ranges between 15°C and 17°C the winter extends from November to 
February with minimum temperature of above 18°C. Winds are of 
moderate speed, speed 7.8 miles per hour, with occasional dust storms 
during summer. The area has two distinctive climatic seasons, the dry 
winter and warm. Temperature degrees decrease with northward 
movement .Dryness is due to the northern dry wind. Summer hot moist 
and ranging due to southern wind which is saturated with moisture, rain 
ranging from 15 mm in north to 500mm in south,  
 
3.5.5. Soil: 
The main type of soil is Vertisols on eastern part and also extends from 
the northern to southern boundaries of state. Sand dunes which occupy 
the western and north western parts. Flat sandy soils which are 
vulnerable to wind erosion. Minor soil groups include. Rocky soils near 
eroded hills and it is not useful for agriculture. Silty soils along the 
banks of White Nile River and water resources (Khor). Soil is class 
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two, cracking, clay limited areas of sodicty and salinity places , slight, 
This had not shown a significant effect on crop yield .No recent soil 
survey has been undertaken on the White Nile state 
3.5.6. Rainfall in the area:- 
The rain fall period range from June to September and is heavier in the 
south, more predictable in determining the level of crop yields. The area 
decreased excluded substantial variation in temperature within the area. 
Table (3.4) shows The average rainfall during the period 1992-2002 in 
Elduiem town compared with the average of annual rainfall during 
1(921-1950) and average of 1951-1995. Parry, (2004)  
Table (3.4) The average orainfall during the period 1992-2002 in 
Elduiem town and average of 1921-1950 and average of 1951-1995 
Year Rainfall /mm 
1992 330 
1993 234 
1994 275 
1995 331 
1996 223 
1997 108 
1998 370 
1999 432 
2000 195 
2001 261 
2002 257 
Average of 1921-1950 330.0 
Average of 1951-1995 226.0 
Average of 1996-2003 272 
Source:Eldueim office, (2004)  
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El Baja district is located in the sub Saharan zone rainfall ranging 
between (150-300mm). Temperature is high (about 38m as maximum, 
minimum 16-23m rainy season. The rainy season in El Baja area extend 
from June to September. The maximum is in July and August. The year 
1984 the driest season (50m m), 1978while had the maximum rainfall 
(more than 500mm) the  average of rainfall decrease from 330m in 
1921- 1950 to 226m in 1961- 1990 but in seventeenth (1970- 1974) in 
the drought of African Saharan rainfall also decreased which increased 
during 1992- 1995. during 1996-2003 the average increase from 
average of 1951-1995.Parry, (2004).  
3.5.7. Reasons for the decline in crop production in White Nile 
area:-  
Eltybe, (002). Showed that sorghum crop, areeas grown and production  
had increased through 1976 – 1991, with low fluctuating average yield. 
The five years averages (1992 – 1996 & 1997 – 2001) showed a 
declining area had been grown and increase in both production and 
yield  as shown in Table (3.5). 
The increase in tenants indebtedness revealed production declined, in 
addition to other constraint:- 
Table (3.5): Area production and productivity of sorghum crop in 
White Nile area (pump schemes, 1976 – 2005) 
Season Area (000) fed Production per(000)tons Productivity kg/fed 
1976 – 1980 379.8 105.6 278.0 
1981 – 85 671.8 124.8 185.8 
1986 – 90 139.8 163.8 1171.8 
1991 – 95 1277.4 285.8 223.7 
1996 – 2000 982.2 316 321.7 
2001-2005 88 70 800 
2006-2010 91 63 695 
Source: Eltybe, (2002),  
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Delay in sowing date, due to non availability of water in quantity 
needed, and on time required, which resulted in poor growth and low 
productivity.  
Crop productivity in traditional agriculture sub sector is low and 
unstable. The majority of farmers live is poor, lack of inadequate 
financing, low adoption of improved seeds, poor pest control contribute 
all to this. The limitation in rainfall quantity and its distribution with 
low adoption of water harvesting technologies is a major contributed to 
low yield and crop failure in traditional rainfed areas, high cost of water 
delivery and low water efficiency. In White Nile State the productivity 
of sorghum in traditional sector for season 2008/2009 was about 166 kg 
decreased to 135kg in season 2009/2010 and for millet was about 82kg 
increased to 190kg because millet is resistant to the dry climate more 
than sorghum .statistic department (2009)  
 
2.5.8. Prices and Marketing: 
The first adverse impact of drought is crop failure, and this leads to a 
grain price rise in the local markets. There are losses of livelihood and 
employment opportunities. The impact of crop failure varies among 
households, even within the same locality. Such variety is partly a 
function of locally varied rainfall and partly of the prior wealth of the 
household. The result of the survey find that the average of sorghum 
prices was about 5000 Sudanese Dinar in 2003 and dropped about to 
4500 Sudanese Dinar in 2002 due to the crop failure. I is logic 
compared by the general trends of prices for Sorghum , Millet ,and 
sesame according to the marketing bulletin year 2003, it mentioned that 
the general trends of prices for Sorghum (Fatarita), Millet were higher 
in 2003 by 23%, 27% respectively compared with their average prices 
in 2002. 
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The unfavourable weather conditions presented during 2002/2003 
season may explain due reduction of cereals supply during 2003 which 
has resulted in up-ward shift of prices.   
The prices of Sorghum Fatarita and Millet showed a gradual up=ward 
trend since January 2003 till April-May and then started a downward 
trend till the end of the year. 
Monthly average prices of Sorghum during the period January-Dec 
2003 in Kosti was about 4343SD /sack,. Annual average was about 
4169 SD/sack, while the annual average of year 2002 about 2874 
SD//sack, the percentage change about 31%. The higher percentage at 
may as general, at Kosti high price at August for about 5060 Sd/sack 
and the lowest price in Sinnar in January 3100Sd/sack 
Millet is mainly produced and consumed in the  western regions of 
Sudan as main stable food. Its prices during the first half of 2003 were 
higher by 27% when compared to this prices at the same period  in 
2002. it was reported that Khartoum recorded highest price during year 
2003 6303 Sd/sack compared with others markets  while in Kosti the 
average was about 5846Sd/Sack highest price during July moth about 
6792 Sd/sack. Average of year 2003 about 5843 Sd/sack, Average of 
year 2002 about 4243 Sd/sack, percentage change about 27%.   
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Table (3. 6) Monthly average prices of sorghum during the period 
January –December 2003 
 
Months Kosti Average 
year2003 
Average year 
2002 
Percentage 
change 
January 3866 3462 2883 17 
February 3866 3728 2877 23 
March 4366 4112 2698 34 
April 4250 4435 2482 44 
May 4433 4774 2573 46 
June 4933 4709 2709 42 
July  4587 2885 37 
August 5060 4408 2885 35 
September 4659 4455 2878 35 
October 4006 4083 3017 26 
November  3481 3045 13 
December 3894 3800 3556 6 
Average of 
price 
4343 4169 2874 31 
Prices in Sudanese Dinnar per Sack 
Source: Price bulletin, (2003).  
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Table. (3. 7) Monthly average prices of millet during the period 
January –December 2003 
 
Months Kosti Average 
year2003 
Average 
year 2002 
Percentage 
change 
January 5500 5270 4065 23 
February 5500 5370 4433 17 
March 5200 558 4453 20 
April 5600 5912 4134 30 
May 6000 6234 4110 34 
June 6300 6545 4260 35 
July 6792 6818 4850 29 
August 6611 6638 4731 29 
September 6300 6422 5175 19 
October 5500 4929 5438 -10 
November 5000 4750 5203 -10 
December 5000 4692 4635 1 
Average of price 5846 5843 4243 27 
Prices in Sudanese Dinnar per Sack 
Source: Price bulletin (2003). 
3.6. Common diseases 
The quality of water is low and not hygienic. This is stagnant water is 
the main cause of waterborne diseases of Malaria, and Bilharzias in the 
area. The third disease in the area is typhoid, followed by thyroid gland. 
People drink water from the canal (tura’a) even though it is a infected 
with malaria parasites. They use poor non hygienic latrines, typhoid and 
bilharzias there are very few insufficient health services at long 
distances. 
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Table (3.8) Distribution of respondents: 
 
Sample area  No of respondent % 
Seferaia 30 21 
Areak 10 7 
Arashkol 10 7 
Khor elmutrak 20 14 
Golaja 15 11 
Wad masri 15 11 
Habilaa 40 29 
Total 140 100 
Source: field survey, (2004). 
3.7. Sample areas and field work: 
Primary data was collected from three sampled cases from seven 
villages. The number of farmer respondents from the study area has 
been selected randomly from the seven villages by using stratification 
method. This was justified by the difference between the strata in the 
sense that each stratum was relatively more or less homogenous table 
(3.8) shows the distribution of questionnaire:. 
 
3.8. Population: 
The population of the White Nile State in 1998 was around 1,402 
persons, about 5.8% of the total country population. Those who live in 
rural centers were 474,682 (39%), and in the rural area were 
900,437(64.2%) and nomads were about 26,776 (1.9%). In year 2008 
become 1804 persons. The most important tribes are Gemme, Bagara, 
Seliem, Hassania, Ahameda, Shekhnab, dar moharb (Sabaha and Bini 
Grare), Gaffar (2005). 
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Most of the farmers lived inside villages near agricultural schemes. 
Table (3.9) shows the distribution of population in the rural councils. 
The average family size was of 7persons. The table shows the 
population in Elduiem province by councils, Shabsha and Umremta are 
the biggest councils. 
Table (3.9), The Current population size 
 
Rural council Total  Number of 
population 
Number of Family 
Elduiem province 313356 220 
Elduiem council 62671.2 44 
Eltadamon and ewehda 87739,68 62 
Shabsha and um remta 162945,12 144 
Source: Time series, Ministry of Agriculture and foresty, (1993). 
3.9. The methodology of the study: 
The study was conducted in Elduiem area where three locations were 
selected namely Arashkol, Shabsha, and Elbaja areas. A field survey 
was conducted during May 2004 to collect primary data using a 
designed questionnaire, 140 farmers were selected from irrigated, 
traditional rainfed using Stratified random sample, and Secondary data 
were also obtained from official resources.  
Methods of analysis used in the study: 
The study used descriptive statistics methods for analyses of socio 
economic characteristic primary data, descriptive analysis used by the 
study to examine the change in the general trend area, Production and 
rainfall in the period 1970-200the data collected to make  correlation 
between rainfall and area cultivated and area harvested and production. 
The study also used Global Circulation Models (GCM) to generate 
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predictions for the coming 30 years and linear programming, and 
FAOMET model to analyses rainfall distribution by decades. 
For environmental analysis statistic data on climate, (rainfall, wind… 
etc. had been validated for the 30 were also obtained from past years 
since 1990. And average production per feddan for the best 3 years in 
the study area as parameters for standardization was used to compare 
the current production level with the expected production in the future. 
Economic measures of growth rate of food crops production were using 
Excel spreadsheet software. The spreadsheet was used to study the 
relationships between production and basic needs (food consumption of 
the farmer as a household). The generated reflect distribution of the 
respondents and poverty line had been identified. The poverty line and 
the Lornze curve was generated to indicate the externally of poverty 
and income equality among respondents of the study area. 
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CHAPTER FOUR 
THE SOCIO-ECONOMIC CHARACTERISTICS 
IN WHITE NILE STATE (ELDUIEM AREA) 
4.1. Introduction: Socio economic status:  
This chapter discusses the empirical results of the study .It presents the 
socio-economic  structure including demographic characteristics of the 
respondents as family information and economic activity, cropping 
pattern mode of production productivity, livestock and forests, income, 
and consumption trends, correlations between the area harvested of 
sorghum and millet with rainfall in White Nile area.  
There is a lack of social services: education, health care, extension, 
drinking water, roads. .The survey results suggest that the socio-
economics of people of White Nile State adjusted to drought within 
their traditional economy, the degree of dependence of individual on 
farming or on livestock keeping, the size and composition of family, 
and the person characteristics of the individual and type of land. 
Recently, the severity and frequency of drought have been perceived to 
be encouraging more people for migration outside rain-fed farming area 
into urban occupation 
4.1. Demographic characteristics: 
4.1.1. Housing: 
The area of study has been under cultivation since 1940. About 90% of 
the farmers were residents in the area. They have permanent houses 
made of mud or straw. About 93% of the farmers considered agriculture 
as a main job, while only 3% were merchants and the remaining, 4% 
had other occupations. 
4.1.2. Family Size of Household: 
The family size is an important parameter in decision-making process 
of the farm-family system. These parameters determine the capability 
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and availability of labour for the farm and off-farm activities as well as 
farm consumption. Family size in the study area was in the range 
between 2-22 people. The average of family members was about 8 
people. The Average of sons and girls were about 8 and 7 respectively 
as in the following table (4.1): 
Table (4.1) Family size of household: 
Family size Number of family 
Average 8 
Sons 8 
Girls 7 
Family number range 2-22 
          Source: field survey, (2004)  
 
A large family with good herds of livestock and large cultivation area 
is easier to make adjustments with emphasis on food and cash crops 
and livestock-rearing than smaller family. In drought years movable 
capital have advantages over a fixed capital. Younger and more 
enlightened farmers seemed to be able to cope with drought situations 
better than the others, but often they resort to migration. This was a 
characteristic of the unmarried and those with small families. 
The size and composition of the family makes it easier for some 
members to find alternative forms of income source during drought 
years, even if they did not have jobs elsewhere. However, migration 
beyond a certain point, particularly of the younger able –bodied 
members, makes the family less able to provide the necessary 
manpower to make the best use of crop and livestock-farming 
possibilities 
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4.1.3. Marital Status of Household: 
From Table (4.2), it can be see that the majority of the respondents 
(82%) were married with one wife each, those who married more than 
one wives were 18%.  
Table (4.2)   : Respondents marital status 
Number of wives Percent 
Married with One wife 82 
Married with two wives 15 
Married with three wives 1 
Married with four wives 2 
Total 100 
Source: field survey,( 2004). 
4.1.4. Gender distribution of Household 
In Sudan males are  heads of households. Their responsibilities are to 
provide food and other essential requirements for living.  Table (4.3) 
shows that in the White Nile State, about 99% of the respondents were 
males and heads of households. The role of women, in general, in this 
State, is limited to taking care of the house, water supply, collection of 
fuel wood, cooking, looking after children and carrying out others 
domestic affairs so the percentage of female sharing in agricultural 
work is very small representing only (1%). 
Table 4.3 Head of household’s distribution according to gender 
Gender Percent 
Male 99 
Female 1 
Total 100 
Source: field survey, (2004). 
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4.1.5. Age distribution of household: 
Table (4.4) shows the age distribution. 38% of sample was in the range 
of 19-40 year , 43% fall in the range of 41 t0 60 those are seemed to be 
relatively the productive age group, while the elder represent about 
19%. If we consider the seasonality of agriculture activities most of 
productive population  were forced to seek for other sources of income 
off the production period; looking for seasonal work in the urban area 
around mainly in big cities or schemes.  
Table (4.4):Range of Age distribution  
Age range (years) Percent% 
19-40 38 
41-60 43 
60-80 19 
Total 100 % 
          Source: field survey, (2004).  
Table (4.5) Farmers education Level in study area 
 
Education level Percent 
Illiteracy 61 
Khalwa 10 
Primary School 19 
Intermediate School 4 
High Secondary School 6 
Total 100 
 
Source: Field Survey, (204). 
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4.1.6. Education of household : 
The result of the survey showed that illiteracy level accounted for 61% 
among respondent with Khalwa for about10% barely who could read 
and write, 19%   completed the primary school, only 4% reached the 
Intermediate school. 6% completed the high school level without 
graduation. There were no university graduates and post graduate 
students among the respondent. The table (4.5) shows respondent 
education level in the study area. 
4.1.7. Occupation of Household: 
Agriculture and livestock are the main sources of income in the study 
area. There were other economic activities for earning income beside 
the main occupation table. (4.6). 
Tale (4.6):  Respondent’s mainly job 
 
Job % 
Farmers 83 
Merchant 2 
Pastoral’s 4 
Employees .7 
Teacher 2.3 
Labor 5.6 
Driver 0 
Animal raising labour 0 
Water selling labour 0 
Total 100 
         Source: field survey, (2004). 
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4:2 Agricultural situations  
4.2.1. Cropping patterns in the area 
Sorghum and millet are the dominant food crops in study area. From 
table (4.7) it is obvious that the majority of the farmers (83%) grow 
crops to maintain their food  requirement through out the year, 
about15% get chance of surplus  to gain cash after they fulfil their food  
requirements, while only 2%  interlay  grow  crops for cash . In general, 
the priority is for food crops cultivation. Which the production of the 
cash crops was due to low returns expected from food crops. 
Table (4.7) Type of crops grown in the area 
Type of crops Percentage 
To get food Supplies 83 
Both Cash crops& food 15 
Cash crops 2 
Total 100 
     Source: field survey, (2004) 
 
4.2.2. Land tenure  
Table (4.8) shows that 41% of farmer own less than 10 feddans while 45% 
own less than 20 feddan and more than 10 feddans, only 8% own more than 
20feddan. Most respondents can be classified as small holder if we consider 
the nature of crop production under the rain fed agriculture which 
characterized by it low productivity and the risk of rain availability. 
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   Table (4.8)    : Land size 
 
Range of Land size % 
3-10fdan 41 
11-18fdan 45 
19-26fdan 4 
27-34fdan 6 
> 35 4 
Total 100 
Source: field survey, (2004) 
4.2.3. Crop production and consumption trends: 
Hashim, (1984) argued that decisions that concern both consumption 
and production of agricultural commodities are affected by many be 
exogenous and endogenous factors to the household. These are as 
follows: 
· Exogenous factors: could be classified as environmental factors 
(rainfall, wind, pests), social, market and institutional factors. 
· Endogenous factors: Size of household members, occupation of 
household members, wealth and social status of household within 
the community and house integration into the non-farm sector are 
fully recommended to consider. 
 
Rainfall in the study area is the most crucial climatic factor; failure in 
rainfall may bring large scale suffering. There is strong relationship, 
between rainfall and area cultivated; area harvested which will affect on 
crop production. Crop production every year associated with the dry 
seasons table 4.22-4.23 explained the significant positives relationship 
between income and production, increase income indicates that, people 
settling in their villages and low income always associated with 
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migration. Yield correlation were insignificant to rainfall because yield 
affect by other factors  include rainfall. 
According to table (4.9) about (90%) of the farmers indicated that 
production over the last two year was poor. about (6%) indicated that 
the production rate stable and about (4%) indicated that the production 
had improved. The majority of the respondents claimed that crop 
production was poor because farmers due to its crop rotation on the 
lands, which has led to soil fertility losses. Fertility deteriorates agreed 
on the negative impact on the other hand of infrastructures and poor 
extension services or the production and income; All respondents 
indicated absence of infrastructure and extension services of 
infrastructure and income. 
Table (4.9) Situation agricultural production during two years (2003-
2004) 
Production situation % 
Worsening 90 
Constant 6 
Improvement 4 
Source: field survey, (2004). 
 
4.2.4. Area cultivated, harvested, and yields of crops: 
Survey result Area cultivated were ranged between 1-150 feddan for 
sorghum and 1.5-100 foe Millet and 3-54 feddan for Sesame 
Area harvested 
Were range between 1-45 for sorghum, 1-30 for millet , and 1-40 for 
sesame  these variation is due to fluctuation in rainfall 
Yield was very poor   
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Table 4.10 explained that crop area cultivated, harvested, and yield of 
(sorghum, millet and sesame) in the study area. When we compare this 
figures with the average we find that  
 
Table 4.10 Crop area cultivated, harvested, and yield of 
(sorghum, millet and Sessame) 
 
 
 
 
Crop Area cultivated Area harvested Yield per sack 
Range 
per 
(fed) 
Average 
per (fed) 
Range 
per 
(fed) 
Average per 
(fed) 
Range 
of 
yield 
per 
(sack 
Average of 
yield per sack) 
Sorghum 1-150 20 1-45 8 1-75 6 
Millet 1.5-100 10 1-30 8 1-60 5 
Sesame 3-54 10 1-40 9 1-60 6 
Source: field survey, (2004) 
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Table 4.11 Cultivated and harvested area, production of sorghum 
and rainfall in Elduiem area  during the period (70/71-
2004/2005 ) 
Area (000feddans ) Production (000Ton)  Yield : KG/Fed  
Rainfall: (MM)     
                                   
Year 
Area Production YIeld Rainfall 
Cultivated Harvested (000ton) (Kg/Fed) MM 
1970/71 641 525 179 341 194 
1971/72 965 860 315 366 148 
1972/73 808 737 260 243 124 
1973/74 563 483 107 222 103 
1974/75 283 249 102 410 101 
1975/76 460 406 131 323 234 
1976/77 550 483 130 269 210 
1977/78 496 427 89 208 137 
1978/79 249 382 134 351 533 
1979//80 235 208 66 317 166 
1980/81 468 399 109 273 286 
1981/82 594 455 163 358 236 
1982/83 383 290 56 193 224 
1983/84 545 444 64 144 213 
1984/85 518 427 43 101 52 
1985/86 1960 1650 253 153 190 
1986/87 1568 1272 292 230 245 
1987/88 731 622 83 133 196 
1988/89 1398 1189 393 331 287 
1989/90 1256 1077 145 135 334 
1990/91 935 725 126 174 282 
1991/92 1570 1264 266 210 238 
1992/93 1742 1551 368 237 330 
1993/94 1431 1069 246 230 234 
1994/95 1923 1513 342 226 275 
1995/96 1721 1452 284 196 331 
1996/97 1604 1302 381 293 223 
1997/98 1826 1291 260 201 108 
1998/99 1878 1515 399 263 370 
1999/20 908 803 224 279 432 
2000/01 800 474 114 30 195 
2001/02 1308 876 187 213 261 
2002/03 2074 1458 245 168 257 
2003/04 1814 1584 539 340 231 
2004/05 1302 657 135 205 230 
Source: time seies ( 2005)          
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  Table 4.12 Cultivated and harvested area, production of millet 
and rainfall in Elduiem area  during the period (70/71-2004/2005 ) 
Yield : KG/Fed  - Area (000feddans), Rainfall: (MM)   
 
Year Area Production Yield Rainfall 
Cultivated Harvested (000ton) (Kg/Fed) MM 
1970/71 65 47 10 213 194 
1971/72 44 37 8 216 148 
1972/73 42 35 11 314 124 
1973/74 69 51 6 118 103 
1974/75 55 41 6 146 101 
1975/76 104 83 18 217 234 
1976/77 143 120 24 200 210 
1977/78 177 149 37 248 137 
1978/79 194 136 27 199 533 
1979//80 77 65 12 185 166 
1980/81 108 80 15 188 286 
1981/82 116 85 18 212 236 
1982/83 96 70 7 100 224 
1983/84 111 80 12 150 213 
1984/85 105 60 4 67 52 
1985/86 81 60 8 133 190 
1986/87 79 61 7 115 245 
1987/88 45 29 4 138 196 
1988/89 85 69 11 159 287 
1989/90 96 71 11 155 334 
1990/91 21 12 1 83 282 
1991/92 21 12 1 83 238 
1992/93 23 17 2 118 330 
1993/94 94 71 12 169 234 
1994/95 36 30 5 167 275 
1995/96 52 46 6 130 331 
1996/97 87 74 10 135 223 
1997/98 124 88 17 193 108 
1998/99 131 104 20 192 370 
1999/20 153 135 27 200 432 
2000/01 195 78 8 103 195 
2001/02 70 49 9 184 261 
2002/03 196 121 23 190 257 
2003/04 270 202 31 153 231 
2004/05 196 121 23 190 230 
 
Source:time seies (2005) 
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
 
 
Figure 4.1 Production, Yield of sorghum and rainfall 
in Elduiem area  during the period (70/71-2004/2005 ) 
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Production, yield of Sorghum and rainfall in ‘White Nile state 

 
 
 
 
Figure 4.2 Production, yield  of millet and rainfall in 
Elduiem area during the period (70/71-2004/2005 ) 
 
There is a relationship, between amount of rainfall and area was   
harvested which will affect crop production but harvested area 
are affected more by the amount of rain, negatively reflected on 
crop production.  The drop in crop production every year 
associated with the length of the dry seasons,. Table 4.13.-4.14 
show the positives relationship between rainfall and production.  
The coefficient of 0.272 indicates the significance of the relation. 
The correlation coefficient between the rainfall and area 
cultivated was  0.226 and for rainfall and area harvested was 
.292,,  adequate rainfall indicates a good production year. 
Therefore a good income   will encourage people to settle in their 
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villages; nerveless low income is always associated with 
migration and instability.  
Yields were insignificantly correlated with rainfall because they 
are directly affected by rainfall. It can be calculated using water  
Satisfaction Index and decades by using Agro-met model and the 
prediction of rainfall and its effect on yield calculated by using 
HAD model which will be discussed in chapter five. 
Table (4.13) Correlations between the areas harvested of 
sorghum and rainfall  
 
Category Pearson Correlation Sig. (2-tailed) 
Area cultivated of 
Sorghum 
.214* 0.233 
Area harvested of 
Sorghum 
.270* 0.128 
Production of Sorghum 0.296 0.094 
· Correlation is significant at the 0.05 level 
Table 4.14 Correlations between the area harvested of millet 
and rainfall 
 
Category Pearson 
Correlation 
Sig. (2-tailed) 
Area cultivated of 
Millet 
.920* .099 
Area harvested of Millet .266* .207 
Production of Millet .272* 
 
0.126 
· Correlation is significant at the 0.05 level 
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4.2.6. Cost component: 
Table (4.15) indicates that the average cost of production is about 5000 
Sudanese dinnars for sorghum and millet, and 6500 Sudanese dinnars 
for sesame. Sitna and Sawsan 2007 mentioned that the average cost of 
production season 2002/2003 was increased for the three crops for the 
high price of inputs in irrigation sector and for the high price of 
preparation in traditional sector is about 38% of the total cost per 
feddan. 
Table (4.15): Cost of production season 2002/2003 
Crops Average Cost of 
production 
per Sudanese 
dinnar/feddan 
Average Cost of 
production per 
Sudanese 
dinnar/feddan   
season 2001/2002 
Average Cost of 
production  per 
Sudanese 
dinnar/feddan 
season 2002/2003 
Sorghum 5000 7021 8011 
Millet 5000 8916.7 NA 
Sesame 6500 7835 8214 
Source: field survey, (2004) 
4.2.7. Crop cultivation pattern 
Table (4.16) shows about (65%) of the respondents use irrigation pump, 
(14%) using rain mechanize and about (21 %) uses both pump and rain 
Mechanize. 
Table (4.16)   : type of farming system 
Type agriculture Percent 
Pump 65.0 
Mechanize Rain 14 
Pump, mechanize rain 21 
Source: field survey, (2004) 
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4.2.8. Land fallow period 
 
Table (4.17) indicates that about (49%) of farmers don’t apply fallow 
period on their lands, (38%) apply it only for one year, (4%) apply it for 
two years, and (10%) apply it for three years. Because of high cost  of 
agriculture inputs and high cost of irrigation in farmers prefer uses the 
land near the irrigation area and to expand on the other land after the 
land loss fertility and productivity become low.. 
Table   (4.17):  Distribution of farmers applying of fallow periods  
 
Land fallow period Percent 
Zero year 49 
One year 37 
Two year 4 
Three year 10.0 
Total 100 
Source: field survey, (2004). 
4.2.9. Sowing date: 
Land preparation usually starts in the beginning of June and seeding in 
the beginning of July. First weeding by the end of July and second 
weeding in the middle of August and harvesting in the early December 
(Table 4.17). Sitna and Sawsan (2007) in the economic section study 
mentioned that the ideal sowing date are I january-15 July for Sorghum 
and 15 June-15 August for millet according to the variety o the crop. 
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Table (4.18.) Sowing date 
 
Items Preparation of 
land 
Sowing 
date 
First 
weeding 
Second 
weeding 
Harvesting 
Sorghum 
and 
Millet 
1-10 June 
 
1-10 July 
 
end of July August first 
December 
Source: field survey,( 2004)  
4.2.10. The indicators that led to stopping of cultivation:  
· Decrease in sorghum yield. 
· Lack of finance 
· Rainfall variation and amount 
· Irrigation efficiency 
· Table (4.19): Relationship of ownership. 
 
Farm tenure Percent 
Ownership 93 
Sharing farm with others 5 
Renting of farm 2 
Total 100 
Source: field survey, (2004). 
 
Table (4.19) indicates that (93%) of farmers own their farms, about 
(5%) of the farmer share farms with others, while (2%) rented their 
farms from the owners 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
75 
 
Ø  4.2.11:Labor: Family labour , nafir  and rented labour 
Seasonal labour are not available to carry out agricultural operations 
like planting and weeding, low wages for labour compel them to 
migrate to near irrigation scheme like Gezira Schemes and big cities. 
Most of the agricultural activities are carried out by family labour or 
nafir. The number of labour in Nafir may not be enough to execute 
agricultural operation effectively. 
 
 4.2.12. Inputs Source: 
The majority of farmers do not use improved inputs. This would 
reflect negatively in yields of crops and area under harvest 
 
4.2.13 Methods of storing 
Farmers in rural area use traditional methods for storing their crops 
for food and seeds for about 6-7 months and they use residual for 
livestock food 
 
4.2.14. Constraints and problems 
The constraints were. Sequenced according to their importance 
based on farmers response:  Lack of finance, residuals, and Pests. 
Drought has severely affected the production of crop in the 1985-
1987/1988. 
Some farmers suffered from complete crop failure, and they replant 
their crops many times; Rat attack seeds causing crop failure; 
Termites also destroyed the seeds in the ground, which forced some 
farmers to treat their seeds with chemicals.  
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Table (4. 20)   The change of ownership of livestock 
 
 
          Source: field survey, (2004). 
 
4.3. Price of sorghum and millet:  
Table (4.21). The average price of sorghum during the period 
2005-2008 
 
 
 
Year Sorghum /SDper sack 
Millt/SD per 
sack 
2002 2874 4243 
2003 4169 5843 
2004 4247 4822 
2005 8560 11089 
2006 6083 6815 
2007 4300 5700 
2008 8800 10600 
Source: Annual reports for Food Security from year 2002 to year 
2008 
 
 
 
 
Live stock change Frequency Percent 
Increase 14 17.5 
Decrease 34 42.5 
Lost their  animals 32 40.0 
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: Figure:(4.3) average of sorghum and millet price during the 
period 2005/5008 
 
4.3.2. Correlations between the area harvested and price of Sorghum  
There is a relationship, price of crop and area cultivated; area harvested crop 
production but actual harvested area affected more by the amount of rain, 
which negatively reflect on crop production.  The drop in crop production 
every year associated with the length of the dry seasons; as mentioned in 
table 4.22 .-4.23 show the positives relationship between rainfall and 
production the coefficient of  0.272 indicates the significant of the relation, 
on the other hand  correlation  coefficient between the price and area 
cultivated is .226 and for price and area harvested .292,,  adequate rainfall 
indicates a good production year which will decrease the price, therefore a 
good income which will encourage people to settle in their villages; never 
the less low income always associated with migration and instability .  
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Table 4.22 Correlations between the area cultivated, production, 
yield, of sdorghum for the period 2005-2008 
 
Category Pearson Correlation Sig. (2-tailed) 
Irrigated mechanized traditional Irrigated mechanized traditional 
Area 
cultivated of 
Sorghum 
0.976 0.380 0.476 0.038 0.262 0.725 
Production 
of Sorghum 
0.710 0.185 0.525 0.400 0.958 0.675 
Yield of 
Sorghum 
0.491 0.831 0.484 0.700 0.827 0.733 
· Correlation is significant at the 0.05 level 
 
Table 4.23. Correlations between the area cultivated, Production, 
yield, and price of Millet for the period 2005-2008 
 
Category Pearson Correlation Sig. (2-tailed) 
mechanized traditional mechanized traditional 
Area cultivated of 
Millet 
-.867 -.999 .541 .046 
Production of Millet -.821 .999 .387 .021 
Yield of Millet -.660 .999 .541 .046 
 
 
4.4 Livestock: 
Nomadism is both away of life and an economic activity that existed in 
many parts of the dry and semi- dry lands. Of Sudan Nomads in the White 
Nile State have their own distinct identity. They differ the nomad life of  
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other parts of the Sudan. They share with the other nomads the 
characteristic of raising animals (camels, cattle, goats, and sheep). Having 
no permanent dewelling. And moving from one ecological region to 
another, they were able to integrate successfully animal raising with 
cultivation. Most of livestock in the area, whether raised by settled or 
nomadic people, subsist mainly on natural grazing and to some extent on 
crop residues. Gaffar (2005) mentioned that this area subjected to an 
intensive use by livestock due to the rest than large number of animals has 
been studying in the Baja area for a while on their way to and from the 
White Nile River and canals  for the irrigated scheme for drinking. The 
nomads move to the White Nile River in October -January, cattle herders 
stay for about 3monthes. However those looking after camels and goats 
extend their stay for a period of 6 months before winter.         
 The livestock   production mainly depends of the adequacy of grazing land 
and availability of drinking water; which are the main constrains facing the 
livestock production in the area of study. The shortage in  
fodder force livestock owner to attack the cultivated area leading to 
instability and conflict between to mode of production. (, sugar cane, 
Fodder, syal, Sidir, heglig, talh).  
4.4.1. The livestock population in the study area: 
The survey resulted that 17.5% said that their herd increased, 42.5% 
said it decreased and about 40%  Lost their animals. Thus indicate the 
deteriorating situation of livestock in the area.    
4.4.2. Factors causeing decrease in ivestock numbers in study area 
The survey resulted that  the reason behind decreasing animal numbers. 
About (42%) refer the decrease to the selling of animals, (29%) for 
death,( 10%) selling and slaughtering and (19 %) for selling and death. 
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Table (4.24  )shows the types of animals feeds , about  (33%) of the 
respondents feed their  animals from(natural, grasses and crop residue) , 
25%) feed their animals from crop residues; to their (17%)  feed them 
natural pasture,(13%)feed them from (crop, residue, purchase) About 
finally (12%)feed their animals from (natural pastures, crop residue, 
and purchase) of animal feed. 
4.4.3. Other crops and livestock: 
Livestock on the whole are in relatively good condition, and grazing is 
fair. Exceptions are in those areas when on September, drought was 
most severe.  
There appear to be unusual animal health problem. 
4.5: Forests: 
4.5.1. Source of fuel for food: 
The area of the forest in the White Nile State and in the study area is 
declining year after year. The shift towards the south is very apparent. It 
is noticed that from the study area that the vegetation cover is 
diminishing gradually. This situation is attributed mainly to the severe 
wood cutting which had been practiced for decades. Most of the 
farmers purchase charcoal and gather trees (40%) while the rest cut 
trees or gather dead trees. About 45% obtain fuel wood from cutting 
trees compared to (15%) purchasing firewood.  
The survey result indicated that the majority of respondents use 
traditional methods to prepare their food such as the local stove, gas, 
animal dung. Few of the farmers use gas. It is clear that the main source 
of fuel for food preparation is the local stove which depends entirely on 
charcoal. However, this has its known draw backs on desertification 
and thence drought. The results indicate that the monthly consumption 
of charcoal varied between farmers who consume 1-2 sacks and others 
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who consume 3-4 sacks or 4-6 sacks. The percentage between these 
categories was 76%, 19% and 5% respectively.  
 
4.5.2. Cutting Trees for building purposes: 
The type of trees used for building houses in the study area, (31.3%) 
ban, (28%) saluk,(15%) the keter,(13.8%) (keter, sahab, talih) and 
(11.3%) sahib. 
 
4.5.3. Conservation of forests 
The survey results revealed that most of respondents forest supply for 
fuel wood is not adequate to meet future demand table (4.24) 
Table (4.24):  Forests situation 
 
Forest supply Percent 
Inadequate to meet future needs 91 
Just adequate to meet future needs 9 
Total 100 
   Source: field survey, (2004) 
4.6. Domestic water supply: 
There are very few hand pumps in the area. Drinking water is obtained 
from White Nile 21% and from surface sources located at far distances 
(Haffirs) about 41%. Drinking water from wells represents 24% and 
reservoir (14%) of total services of water supply in thee study area  
The period of availability of haffirs water ranges between 2-4 months, 
which indicates that water was not enough for both human being and 
animals.  
 
4.7. Income and consumption: 
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 4.7.1. Income distribution: 
Total income includes farm and off farm income. Table 4.25 and figure 
(4.4)show that respondents whose income (under 100000) Sudanese 
Dinnar (SD) were about 6 %, ( between 200000 and 300000) were23% 
( between 200000 and 300000) were23%, (300001-400000 and 400001-
50000), represent 12%, 11% respectively, (500001-600000, and 
600001-700000) represent 7%, 3% respectively, (700001-800000, 
800001-900000,  
900001-1000000) represent 3%, 2%, 2%, respectively and over 
1000000 8%, about 90% had income low than one Sudanese dinar The 
total income at the study area, the average of total income was 
516419.7 (SD). The standard of per capita income about 1 Us Dollars 
we found that about 88% of the respondent’s annual income under this 
level. 
Table 4.25: Respondent's annual income  
 
Income  (SD) 
 
Frequency 
 
Percent 
 
>100000 8 6 
100001-200000 28 23 
200000-300000 27 23 
300001-400000 15 12 
400001-500000 14 11 
500001-600000 9 7 
600001-700000 4 3 
700001-800000 4 3 
800001-900000 3 2 
900001-1000000 3 2 
>1000000 10 8 
Total 
125 
100.0 
 
Source: field survey,( 2004) 
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Source: field survey data, (2004). 
Figure 4.4 Income distribution 
 
4.7.2 Lornze Curve: 
From the analysis it was found that, average income per year and per 
capita income is less than one dollar.  Lornze and Gini coefficient 
results:  
About 50% of population had access to 50% of total income in Elduiem 
area. This indicates severe in equality in distribution of income among 
the respondents in the study area. The Gini Coefficient of 0.24 
contribute the findings.  
Figure 4.5 shows the Lorenz curve , The Gini coefficient explain the 
size of the area between the equality line and Lorenz curve. The 
increase in  the area of Gini coefficient  mean  high inequality which is 
far from equity line. 
Gini coefficient is the most commonly used measure of inequality. It 
varies between zero which reflects complete equality and one, which 
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indicates complete inequality (one person has all others have none). 
Graphically, the Gini coefficient can be easily represented by the area 
between lornze curve and the line of equality in figure (4.5). The 
Lornze curve map identifies the cumulative income share in the vertical 
axis against the distribution of the population of the horizontal axis. In 
this case study, 80%of the population obtain around 20% of the total 
income. If each individual had the same income or total equality, the 
income distribution curve would be the straight line in the graph line of 
total equality. The Gini coefficient is calculated as the area divided by 
the sum of area (A) and (B)(G=A/(A+B). If the income distributed 
completely equally. Then the lornze curve and the line of total equality 
are merged and the Gini coefficient is zero. If one individual received 
all the income, the Lornze curve would pass through the point (0/0), 
(100) and(100,100.) and the surfaces A and B would be similar, leading 
to a value of one for the Gini coefficient. It is sometimes argued that 
one of the disadvantages of the Gini coefficient is that it is not additive 
across groups i.e. the total of a society is not equal to the sum of the 
Gini coefficient for its sub-groups i.e. 
Gini coefficient at the area was calculated by the following formula: 
(Gini coefficient = 0.5 × Sum absolute value (income % -10)/100))  
Gini coefficient =   (47.5×0.5)100   = 0.235 
The Gini coefficient at the area of study is found to be 0.24 
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 Figure (4.5).  .The respondent’s income distribution at White Nile 
state 
The same analysis procedure could be utilized to address the inequality 
of different consumption, categories of income sources. In this case 
study the agricultural income represented the most important inequality 
in case of income, while no farm income has reported any large 
disparities.  
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Table (4.26) represents the decomposition and shows that while 
agricultural income only represents 25% of total income in rural areas. 
It contributes to 40% of the inequality. 
The study showed that the poverty is about 88% because the 
agricultural sector has high risk and there are lack of credit which lead 
the farmer to seek for other sources of income. The study shows that, 
agriculture represents low percentage in income sharing while non 
agriculture and livestock jointly represent the highest percentage. 
Table (4.26) Decomposition of Income inequality in rural area in 
Eldueim 
 Agricultural  
income 
Non 
agricultural 
income 
livestock payment others Total 
Share to total 9 34 20 14 22 100 
%of 
household 
receiving the 
income 
source 
37 39 44 16 19 100 
Source: calculation from the survey, (2004) 
 
4.7.3.. Decomposition of Income inequality: 
The common inequality indicator mentioned above can be used to 
assess the major contributors to inequality by different subgroups of the 
population as well as by income source. In static decompositions, 
household and personal characteristic, such as education, gender, 
occupation, urban and rural group, and the regional location, are then 
determinants of household income. If that is the case, then at least a part 
of the value of any given inequality measure should reflect inequality 
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between people at different educational levels, occupation, genders and 
so on. This inequality is referred to as the between –group component. 
4.7.4. Consumption: 
The result of the survey showed that the average of the household 
consumption of Sorghum and Millet was about 35 sacks, 5 sacks 
consequently during year 2002. Sorghum consumption increased to 64 
sacks in year 2003. Income analysis indicated that the State suffers 
from the spread of poverty. Food consumption dominates total 
expenditure (about 11 %), health (medicine) (12 %), occasion (14%), 
education (13%), labour (21%) clothes (17 %) and other family 
expenditure (12 %) of total expenditure. Most of respondents use the 
traditional method for preparing food, which had a negative impact on 
the environment. 
Table (4.27): Income expenditure on different consumption 
items  
 
Items Percentage 
Food 11 
Medicine 11 
Occasion 14 
Education 13 
Labour 21 
Clothes 17 
Others family  members and    shoes 12 
Total 100 
             Source: field survey, 2004  
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Figure (4.6\) Income expenditure on different consumption 
items 
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CHAPTER FIVE 
PRECIPITATION AND CLIMIATIC 
CHANGE IN WHITE NILE STATE 
 
5.1 Precipitation and climatic change in White Nile State: 
Sallahaddeen, (2008) mentioned that drought is a normal, recurring 
feature of climate, it occurs in virtually are climatic regimes (Wilhite 
1992). It occurs in high as well as low rainfall areas.  
Precipitation is the most important parameter in any assessment of the 
agricultural potential of this region. High temperatures are never a 
hazard to plant growth. Wilting does however sometimes prove a minor 
hazard if strong northerly winds blow during the hot season, though in 
practices the cause of wilting is nearly always a lack of ground moisture 
to compensate for the strains exerted on the plant. Monthly mean daily 
maximum exceed 40 o C for the months of April and May at Eldueim. 
(Parry, 2004).   
The most vulnerable area with regard to climate change and the focus 
of the study is the most effective area in central Sudan – Elduiem area 
is dominant with large potentiality of live stock. 
The main objective of the agriculture and forestry assessment is to 
identify and gauge the severity of climate change impacts and possible 
adaptation options of traditional agricultural crops and conservation of 
land. 
 
5.2. Methodology of Agriculture  assessment: 
The climate impact assessment are both baseline and climate change 
have been developed for each of the two climatic station (Elduiem and 
Kosti) to allow for adequate representation of White Nile’s varied 
climate. The following map illustrates the two locations. 
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5.2.1. Baseline scenario: 
In impact assessment, it is typical to use a period of years of observed 
metrological data to define a future baseline climate scenario. Taking 
this approach, baseline climate scenarios for both temperature and 
precipitation were developed for each of the tow stations, using the 30 
year averages of actual, monthly metrological observations for the 
period 1961-1990 in addition to IPPC recommendations. The following 
criteria were considered in the selection of 1961-1990 as the baseline 
climate scenario for White Nile State. 
It is representative of the present day of recent monthly average climate 
in the study area. Of sufficient duration to encompass a range of 
climatic variations, including number of significant weather anomalies 
(i,e sever drought of warm season.) 
It covers a period for which data on all major climatologically variables 
are abundant, adequately distributed and readily available. 
It includes data of sufficient quality for use in evaluating impacts. Is 
consistent or ready for comparable with climatic baseline used in other 
impact assessments. 
5.2.2. Limitation: 
A number of limitations and uncertainties were encountered in the 
process of developing baseline scenarios from historic data. These 
include the following: 
The number of stations that provide the required data quality, coverage 
and resolution are not distributed in a way that allows complete 
representation of White Nile State. 
The selected baseline period 19961-1990 contains the warm dry years 
of Sahilian drought of 1980s. This may drive average temperature 
values upward and average precipitation values downward within the 
baseline scenario. This in turn could bias the results by masking the 
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significance of projected changes in temperature and precipitation “see. 
Climate scenario section (1) for illustrating precipitation and 
temperature trends during the “1961-1990 period”. 
The 1950-1980 period- potentially a better representation of baseline 
climate- could not be used due to incomplete data sets and the fact that 
the climate change scenario generator used in the assessment  
MAGIC/SCENGEN does not allow for the use of any baseline other 
than the 1961-1990 period. 
5.3. Climate Change Scenario: 
Two distinct approaches have been applied to the development of 
climate change scenarios. Approach one utilizes General Circulation 
Models) HADCM2, BMRC, and GFDL in conjunction with climate 
scenario generating software Magic/Scengenv.2.4. Approach two uses 
incremental or “synthetic” scenarios, which project a series of future 
climates based on incremental changes in both temperature and 
precipitation. Each provides future values for precipitation P and 
temperature T, albeit through distinctly different means. 
The purpose of developing future scenarios of climate is to enable a 
comparison between futures in which climate does not play a role (the 
base line scenario). This comparison allows for an assessment of the 
potential future impact of climate change on sector of interest. 
Information Technology Center in the Metrological Department has 
developed scenarios (both baseline and climate change) for each of the 
two climate stations (Elduiem and Kosti) to allow for adequate 
representation of White Nile State varied climate. Table (5.1) provides 
the geographical location and altitude for the two selected stations. The 
accompanying map illustrates those locations. 
The result of projections of monthly temperature and precipitation 
change for years 2030 for General Circulation Model (GCM) are 
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produced by MAGICC/SCENGEN are on a 5 by 5 degree grid, linear 
interpolation process was applied in order to derive specific values at 
the stated. The monthly station specific increments were then added to 
the baseline scenario monthly values for temperature and precipitation 
for both stations. The result is a series of climate change scenarios- one 
for each GCM- each of which presents temperature and precipitation 
values for milestone year 2030 for both climate stations. Milestone 
years 2030 have been used in placed 2015,2050, and 2100. 
 
Table (5.1): Location of selected of selected stations 
Station 
 
Latitude Longitude Altitude 
(Meter) 
Above mean 
sea level 
 
Kosti                   32-33  N         13-98      E 386 
Elduiem             13 o -20    N       14 o -33        E 380 
Source: Sudan Meteorological Authority, (2002)  
  
5.3.1. Limitations 
A major disadvantage of using GCM is that, although they may 
accurately represent global climate, their simulations of current regional 
climate are often inaccurate and may significantly underestimate or 
overestimate the current regional temperature and precipitation. Even a 
combination of several GCM may not represent the full range of 
potential climate changes in the state. 
GCM estimate uniform climate changes in grid boxes several hundred 
kilometers across. Thus, short distances between the two stations could 
not be captured in interpolation equations. 
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The MAGICC/SCENGEN software does not produce output on 
geographic and temporal scales fine enough for impact assessment, 
making linear interpolation necessary. 
The only baseline available in MAGICC/SCENGEN software is 1961-
1990. 
Inter-annual climate variability is not internalized in 
MAGICC/SCENGEN software. 
According to the resulting scenarios, projected monthly mean 
temperature, relative to historic baseline 1961-1990, shows a general 
rise trend in the two stations in milestone year 2030. As the tables 
provided in the following indicate, the result from the three GCMs 
show a change in temperature between 0.1 and 3.4 C. 
The general trend in the projected monthly precipitation relative to the 
historic baseline shows an increase. In general terms, the HADCM2 
model shows a moderate value in the two stations. The CC MODEL 
reports that slight rise in rainfall a decline was reported in 2030. 
Precipitation values generated with GFDL model remain close to the 
baseline. 
5.3.2. Approach two: 
The second approach relies on a series of assumptions to create 
incremental or “synthetic” scenarios. This approach was applied only to 
the agro-forestry assessment. 
The scenario is based on increments of change in mean temperature and 
precipitation away from the historic baseline. The increments for the 
mean temperature are 1.5. 2.5 3.5 and 4.5 ºC and for the precipitation 
are 10%, 20%30%. From the historic baseline (1961-1990). A 
systematic increment was applied to both mean monthly temperature ( 
e.g +1.5ºC) and precipitation (e.g +20%). Using expert judgment to 
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determine expected variations in mean temperature and precipitation, 
roughly 20 climate change scenarios were developed. These scenarios 
were then used to calculate predicted impacts on the exposure units in 
the agro-forestry assessment. 
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Table (5.2) BASELINE AND CLIMATE CHANGE 
SCENARIOS IN SUDAN [El duiem and Kosti Area 
SUMMARY: CC-INDUCED TEMPERATURE & 
PRECIPITATION CHANGES IN 2030 
TEMPERATURE 
(deg C)   JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
El Dueim                           
  
Actual 
(1961-
1990) 23.8 25.5 28.7 31.7 32.9 32.4 30.6 29.1 30.2 31.2 28.2 25.1 
  CCC-EQ-IS92A 24.7 26.5 29.5 32.8 33.7 33.2 31.5 30.1 31.2 32.3 29.2 26.0 
  Difference 0.9 1.0 0.8 1.1 0.8 0.8 0.9 1.0 1.0 1.1 1.0 0.9 
Kosti                           
  
Actual 
(1961-
1990) 24.2 26.0 29.5 32.0 33.3 31.9 28.7 28.2 27.9 29.3 27.6 24.6 
  CCC-EQ-IS92A 25.0 27.0 30.3 33.1 34.2 32.7 29.5 29.1 28.9 30.4 28.5 25.4 
  Difference 0.8 1.0 0.8 1.1 0.9 0.8 0.8 0.9 1.0 1.1 0.9 0.8 
                            
PRECIPITATION 
(mm/month)   JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
Ed Dueim                           
  
Actual 
(1961-
1990) 0.0 0.0 0.1 0.1 5.8 22.1 65.8 99.6 38.1 5.2 0.4 0.0 
  CCC-IS92A 0.0 0.0 0.1 0.1 5.4 20.4 54.7 98.6 38.0 5.2 0.4 0.0 
  Difference 0.0 0.0 0.0 0.0 -0.4 -1.7 
-
11.1 -1.0 -0.1 0.0 0.0 0.0 
Kosti                           
  
Actual 
(1961-
1990) 0.0 0.0 0.0 1.5 13.0 43.5 97.9 119.4 62.5 10.9 2.4 0.0 
  CCC-EQ-IS92A 0.0 0.0 0.0 1.4 12.5 39.7 82.7 120.3 63.2 10.9 2.4 0.0 
  Difference 0.0 0.0 0.0 -0.1 -0.5 -3.8 
-
15.2 0.9 0.7 0.0 0.0 0.0 
Source: MAGICC/SCENGEN OUTPUTS 
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Rainfall in El duiem area
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Figure (5.1) Rainfall in Elduiem area 
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El Dueim
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Figure (5.2)  Temperature in Elduiem area 
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Figure (5.3) Precipitation in Elduiem and Kosti area 
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Figure (5.4) CCC-EQ in Elduiem and Kosti area 
 
5.4. Agriculture and climate change: 
5.4.1. Assessment approach: 
Agriculture and forest products in Sudan are in a vulnerable position, 
even in the absence of climate change. Recent droughts, socio-
economic trends, and the ongoing process of desertification have 
adversely affected the distribution and condition of both trees cover and 
forage in White Nile State. Increased human and livestock population 
and the lower rainfall than average over the recent decades have led to 
widespread environmental degradation which could be interpreted in 
the performance of production of agricultural crops , forest and forage. 
This can be assessed under predicted conditions of climate changes in 
temperature and precipitation, and indirectly, through pests and 
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diseases. Changes in climate are predicted to have a number of harmful 
impacts. 
To identify the possible adaptive responses for reducing adverse effects. 
The impact assessment is undertaken by generating two types of 
climate scenarios. [Based on a doubling of CO² by 2030, corresponding 
to 1% annual increase of CO²_ emissions], which are then used to 
gauge the sensitivity of the exposure units to climate change. This 
sensitivity is measured by comparing baseline scenarios e.g. future 
crop yield in the absence of climate change to climate change scenarios 
 e.g. future crop yield under climate change conditions. 
Vulnerability of the problem: 
The steps undertaken in the vulnerability ` assessments are outlined in 
the sections below: 
  
5.4.2. Tools for assessing effect of crop yield: 
1. FAOMET: This Food and Agricultural Organization model is used 
for computation of potential evaporation PET, an input to impact 
model FAOINDEX, PET, as defined by penman is quantity of water 
evaporated and transpired by a short and uniform canopy of grass, for 
which there are no water constraints. The inputs are maximum and 
minimum temperature, sunshine hours, wind speed, and water vapor 
pressure. The data of the parameters are processed on a decadal basis so 
as to accommodate the FAOMET MODEL.  Also the information of 
the geographical locations [longitude, latitude and altitude] for the 
selected stations is included. The output file contains the geographical 
location information and values of PET. 
 2. FAOINDEX: it is used for calculating the soil water balance. The 
input parameters are PET, precipitation, and a crop file. The contents of 
and crop file elevation of the station. And finally, the crop planting 
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decade and growth cycle. The output parameters after running the 
model are actual evaportranspiration, surplus/deficit of soil moisture, 
and water satisfaction index WSIin %, as well as a land range file. 
 3. Water satisfaction Index WSI: In FAO’s experience, a direct 
relationship exists between the cumulative water requirements of a 
crop- as measured by water satisfaction index WSI –and final yield of 
the crop. As water is the primary limiting factor in crop production in 
Sudan. WSI offers a snapshot in time of an area’s capacity to support a 
particular crop. The index can be used to provide estimates of crop 
yield, based on the degree to which a crop’s water requirement was 
satisfied over the growing season. The WSI is a system by which a 
crop’s water satisfaction conditions in agro climatic zone are measured 
against the optimal conditions [complete water satisfaction] for a given 
crop. The degree to which a crop’s water requirement is satisfied 
e.gWSI is determined through the following process: 
The FAOMET model is used for calculation of potential 
evapotranspiration PET from several inputs [temperature, vapor- 
pressure, wind speed and sunshine hours], for a specific decade.  
WSI in the first dekade of the growing season is calculated as PI/PETI 
Where P and Pet are measured for the specific decade WSI in the 
second dekade as) P1+P2 / PETi+PET2  
Thus, the cumulative degree of water satisfaction for a crop over its 
entire growing season is calculated, beginning with the start of the crop 
cycle, and continuing by decade, until crop maturity at the end of 
growing season.   
At the end of the growing season, the cumulative degree to which water 
requirements have been satisfied- measured as WSI-reflects the 
cumulative water stress endured by the crop, decade after decade. The 
higher the final WSI, the smaller the water stress is. The WSI values at 
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the end of the growing season are closely linked to the final yield of 
crops and a qualitative indication of the crops condition during the 
growing season. 
 
5.5. Agro- climaticzone classification system: 
Based on Thornth ΍waite’s _1955 system, the calculated moisture index 
for a given station is used to assign an agro-climatic zone classification 
to that station. This zone indicates the relative capacity of the area to 
support vegetation and crops. The cultivation of crops depends on the 
type of climate, e.g on the agro climatic zone. Millet crop grows in the 
semi arid zones and if this should shift toward arid zone, the risk of 
crop failure increases. On the other hand, if humid agro climatic zones 
shift northward in the region , cultivation of sorghum and others crops 
could be encouraged. Accordingly, predictions of distribution of agro 
climatic zones in the future, is a necessary tool and reference point for 
scientists, policy makers and stakeholders. These zones as identified by 
Thornth Waite, are shown in table (5.3). 
The formula (Thornth Waite 1955) used for agro climatic classification 
is as follows: 
Im=Ih-Ia=100*(P/PET-1) 
Where, 
Im=Moisture index 
Ih=Humidity index 
PET= Potential Evapotranspiration in mm 
P= Perciptiation in mm If P>PET , surplus water exists, if P<PET, a 
water deficit exists. 
Ia=Aridity index 
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Table (5.3) Classification of agro climatic zones using moisture  
index 
Source: HCENR (2003)  
 
5.6. Moisture Index: 
Using PET, and several sets of climate data, a moisture index was 
assembled, according to Thornth Waite's formula. Moisture Index IM./ 
is taken as an average at the climate station, and is used to establish 
agro-climatic zones. The IM. is adjusted according to the growing 
season, starting from the dekad where effective precipitation was 
reported as a sign for sowing. The growing season in the region 
generally extends from June to September. The average of the measured 
moisture indices for this four month period determines the agro climatic 
zone classification. 
 
 
 
Class type Climate type Moisture index [Im) 
A PER-HUMID 100 ABOVE 
B4 HUMID 80 to100 
B3 HUMID 60 to80 
B2 HUMID 40 to60 
B1 HUMID 20 to 40 
C2 MOIST SUB-HUMID 0 to20 
C1 DRY SUB-HUMID -33.3 to 0 
D SEMI DRY -66.7 to 33.3 
E DRY -100 to -66.7 
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5.7. Crop Yield Assessment Tools: 
In the light of FAO’s experience that a direct relationship exists 
between the cumulative water requirement satisfaction Index [WSI] and 
final yield of the crop, this yield can be expressed either in absolute 
figures [kg/ha] or relative figures (% of an optimum crop). Using the 
historical data for White Nile region, a crop yield scale had been 
constructed for both sorghum and millet crops (As shown in table (5.4) 
and (5.5 ) 
To validate the WSI approach, WSI values were back-casted using 
historic temperature and precipitation data. From these values, 
associated crop yield values were generated for comparison against 
actual historic data [for both sorghum and millet]. These values were 
generating using FAO scale for sorghum and millet crops. To arrive at 
this comparison the following steps were taken. 
1. A maximum potential yield is established as an average of 
the three best yields. This yield is associated with optimal 
water satisfaction requirements ( the scale showing the 
relationship between the percentage of WSI of water 
requirement and percentage of maximum for scale yield 
are shown in Table  (5.3): 
2. The maximum yield (MAXYLD) is obtained from average the 
3 best crop yield years. 
3. This Maximum crop yield (MAXYLD) is considered 100% of 
possible crop yield. 
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Table (5.4) FAO scale for crop yield estimation from water 
satisfaction index 
   Source: Sudan Meteorological Authority, (2002)  
 
From FAO scale, the percentage associated with MAXYLD [100%] is 
associated with a value of WSI.  Specific crop yield values are 
generated by identifying the percentage yield associated with back-
cased values of WSI. In other words, if historic temperature and 
precipitation data for year X generate a WSI of 99. According to the 
FAO scale, the associated crop yield is 100% of maximum yield. Thus 
in year X, this method predicts that yield was equivalent to the 
maximum yield. This prediction is tested against the actual yield for 
year X to determine the fitness of the method. 
5.8. Example of Sorghum: 
If yield for sorghum (average of the best 3 years) = 255 kg/ha) then 
Crop yield at 100% of maximum yield (corresponding to WSI=99) 
=255kg/ha 
Crop yield at 50% of maximum yield (corresponding to WSI=80) = 
(.5*255)=128kg/ha 
 Crop yield at 10% of maximum yield (corresponding to WSI=500) = 
(.1*255) =26kg/ha. 
Yield relative to 
average of 3 best 
yields 
>100% 90-100% 50-90% 20-50% 10-20% Complete 
failure 
FAO SCALE 
QUALITY 
VERY 
GOOD 
GOOD AVERAGE MEDIOCRE POOR <50 
WSI[%] 100% 95-99 80-94 60-79 50-59 0 
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Steps must be taken to adjust the two scales (crop yield and WSI) to 
one another to allow for precise validation of WSI against historical 
data. For a crop yield of 90 to 100% the corresponding range of WSI is 
95 to 99 (according to FAO), but to move along the WSI Index, or 
along the range of crop yield, values of individual corresponding 
increments must be determined. This is done as follows: 
The crop yield values for 90% to 100% are 673 to 748 kg/ha-a range of 
75 kg/ha . 
The WSI for this range is 95 to 99-a range of four. 
To determine the crop yield value of one WSI increment in this range, 
75 kg/ha is divided by four WSI units. 
One WSI increment in the 95-99 range, then, corresponds to 18kg/ha. 
Using another example: 
The crop yield values are 80 to 94 ( a range of 14). 
Thus, one WSI increment corresponds to 19 kg/ha (272 divided by 14). 
Using these steps, gaps can be filled between the major levels, allowing 
for more precise estimates of historic crop yield. However, care should 
be taken, as this treatment differs from range to range and from crop to 
crop. 
 
Table 5.5The Maximum yield [MAXYLD]. 
 
Seasons 1996/97 1998/99 1999/2000 Average 
Sorghum 
yield (Kg) 
226 270 270 255 
Millet yield 
(Kg) 
180 200 200 193 
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Table (5.6) Test Year 1974 (For White Nile area) 
 
 
Fitness of method for assessing of crop yield of Sorghum and Millet: 
The yield values generated above for sorghum and millet were 
compared with the historical data from selected test years, to explore 
the fitness of this method in estimating White Nile Agricultural 
production. The following results were obtained for White Nile state as 
a whole. 
5.9. Example of Millet: 
If yield for sorghum [average of the best 3 years (1996/97-99/2000))= 
255 kg/ha then 
Crop yield at 100% of maximum yield (corresponding to 
WSI=99)=255kg/ha 
Crop yield at 50% of maximum yield (corresponding to WSI=80)= 
(0.5*255)=128kg/ha 
 Crop yield at 10% of maximum yield (corresponding to WSI=50)= 
(0.1*255)=26kg/ha. 
Validation 1974: 
 
 
 
 
 
Crop Average 
WSI (%) 
Average Yield 
(Kg/Ha) 
Historic Yield 
(Kg/Ha) 
Millet 99 194 270 
Sorghum 99 255 300 
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Validation 1974: 
Millet: (Average yield/ historic yield )*100= (193/270)*100=70% 
Sorghum: (Average yield/ historic yield)*100= (255/300)*100=85% 
 
Table (5.7) Test Year 1984 (For White Nile area) 
Crop Average 
WSI (%) 
Average Yield 
(Kg/Ha) 
Historic Yield 
(Kg/Ha) 
Millet 96 198 270 
Sorghum 96 255 300 
 
Table (5.8)Water satisfaction for El duiem area 
 
Decade WSI Index 
1984 
WSI Index 
Normal 
Index 
HADWSI 
Index CCWSI 
19 94 96 96 96 
20 82 93 91 92 
21 61 85 81 83 
22 61 74 73 74 
23 43 73 68 68 
24 33 62 58 56 
25 16 54 49 47 
26 18 49 44 41 
 
Table (5.) Yield of millet in El Duiem 
 
 Items 92 93 94 95 96 97 98 99 2000 Average cc 
Yield in Kosti  26 100 121 107 235 247 99 135 191 112 77 
Yield in Duiem 26 222 112 141 26 135 207 26 26 26 26 
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Table (5.) Yield of sorghum at Kosti and El Duiem area 
 
Table 5.10The result of crop yield impact projections present a very 
serious to scientists, policy makers, and stakeholders. These Actors 
must join forces in design of integrated, practical responses to this 
threat for the future generations.  
Sector in Elduiem area is very vulnerable to the impacts of climate 
change. The majority of people in the area still depend on traditional 
rain fed farming. The temporal and spatial variation of rainfall still 
determines activities and development of the study area. 
The rise in temperature reported in the projections of all three model 
normal, HAD, and CCM without a single decline is a threaten finding. 
The projected temperatures could increase the rate of evaporation which 
will reduce water satisfaction, and increase crop stress and crop failure. 
The projection of milestone year 2030 show a crop yield decline of 
between 15%and 62% for millet, 29%, and 71% for sorghum with 
reference to the baseline. 
The result of crop yield impact projections present a very serious to 
scientists, policy makers, and stakeholders. These Actors must join 
forces in design of integrated, practical responses to this threat for the 
sake of future generations.  
 
 
 
  Yield 92 93 94 95 96 97 98 99 2000 Average cc 
Yield Kosti 19 100 68 42 181 151 69 75 91   58 35 
Yield Duiem 25 19 97 48 19 19 62 87 19 19 19 
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range land in dueim area during the 
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Figure (5.5) Annual variation of Range-land index  in Dueim 
Area  (1998-99; D1...=Calendar dekads) 
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Figure (5.6) Annual variation of Range-land index  in Kosti 
area (1998-99; D1...=Calendar dekads) 
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CHAPTER SIX 
SUMMARY, FINDINGS, CONCLUSIONS, AND 
RECOMMENDATIONS 
6.1. Summary: 
The area to the west of the White Nile in Eldueim is representative of 
many non-riverain arid and semi arid ecosystems of central Sudan. The 
pressure on existing traditional forms of land use, due to human and 
live stock increase, and the adverse effects of deterioration of natural 
recourses ,soil fertility , fluctuation and the decline of rainfall...etc. 
Which all were manifested in decline of productivity of crops, 
deforestation and desert encroachment. 
With great years variation of harvested areas and therefore total yields 
revealing a fragile balance between production and repeated drought 
both the area and yield could be drastically affected. In such 
circumstances, some of the rural population in this sector will be forced 
to immigrate to seek opportunities in other sectors. Some additional 
factors that reduce the efficiency in this sector are related to weak of 
infrastructure, inadequate techno-structure, and the largely illiterate 
farmers who generally lack resources for development. 
The point is that, under the theme of the sustainable development with 
its four dimensions (economic, technology, environmental and human), 
the study was conducted in White Nile State (WNS). The main 
objective was to assess the human activity on environmental 
degradation and rural poverty. And the impact of drought on the socio 
economics structure of the study area. 
Data collected through random sample technique was analysed by 
using Distinctive Statistics Method.  
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Lorenz curve was conducted to estimate income distributions through 
the equality line. n addition to poverty line, as indicated by the World 
Bank, two dollar per day for person, the correlation analysis was used 
to study relationship between selected variables. 
6.2. Finding: 
The final descriptive statistical on socio–economic characteristics of 
the respondents revealed that (16%) of the respondents were at the age 
range (21-40), (48%) at age range (41-60) and above the age 60 was 
(36%). The study found that more than half of respondents were 
illiterates (51. %). The average family size was 8 persons. The study 
found that agriculture is the main source of income which, 60% raise 
animals, all respondents’ uses unclean water for drinking and other 
domestic use. 
The result of household income analysis of study area showed a high 
level of poverty line, the vast majority considered to be under equality 
line. Regards to income distribution among different expenditure item 
the study found labour to dominate among total expenditure  about (21 
%), About   88% of the respondents were found to live below poverty 
line. Food consumption  dominated total expenditure (about 11 %), 
health (medicine) (12 %), occasion (14%), education (13%), labour 
(21%) clothes (17 %) and other family expenditure (12 %) of total 
expenditure. 
Most of respondents used the traditional method for preparing their 
food, which explain the strong relationship between poverty and 
environmental degradation. The drop in forest area was observed. 
These resulted in positive relationship between low income and 
migration 
Sharp fluctuation in rainfall and distribution along the season increase 
risks in livestock production systems, especially in dry areas. For that 
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reason pastoral or fully nomadic livestock systems, which are common 
among the most efficient in exploiting ranches with low productivity 
areas in arid and semi arid regions, are declining, resulted into serious 
conflicts between nomads and sedentary farmers   
All the respondents suffered from lack of extension services.  Most of 
them leaved in traditional way for preparing the food and builds houses 
using wood, fewer tend to grow forest trees in their farm.  Most 
respondent drink water from wells and hafir only the respondent near 
the river drink from the river 
Low income growth tend to migrate out of the state during the dead 
season to the irrigated area above 88% of the respondents are found 
under poverty line. 
The Lorenz curve analysis revealed that all the respondents had 
inequality in income observation. Income per capita less than 2 $  
indicate of a strong relationship between low income and variability of 
rainfall and drought of  the tested climatic model. 
The rise in temperature reported in the projection of all three models 
were normal, HAD, and CCM without a single decline is a threaten 
finding. The projected temperatures could increase the rate of 
evaporation which will reduce water satisfaction, and increase crop 
stress and crop failure. 
The projection of milestone year 2030 show a crop yield decline of 
between 15%and 62% for millet, 29%, and 71% for sorghum with 
reference to the baseline. 
Recent droughts, socio-economic trends, and the ongoing process of 
desertification have adversely affected the distribution and condition of 
both trees cover and forage in White Nile State. Increased human and 
livestock population and the lower rainfall than average over the recent 
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decades have led to widespread environmental degradation which 
could be interpreted in the performance of production of agricultural 
crops , forest and forage. This can be assessed under predicted 
conditions of climate changes in temperature and precipitation, and 
indirectly, through pests and diseases. Changes in climate are predicted 
to have a number of harmful impacts. 
Annual precipitation is not a direct measure of plant water use as many 
processes are interfering. Not all the rainfall may actually infiltrate into 
capacity of rainfall, part of the water will runoff and not contribute to 
soil water recharge infiltration capacity is determined by the physical 
prosperities of soil which are partly related to particle size distribution 
and soil geometry, but which may be affected by external conditions, 
such as rainfall intensity, over grazing, leading to removal of the 
protective vegetative cover of the soil, thus reinforce the rain runoff 
added by the physical compaction of the soil by annual trampling. The 
relationship between annual perceptions and primary production can 
not be expected to be unique.  
The finding of impact assessment suggests that: Agriculture and Range 
land sector in Elduiem area is very vulnerable to the impacts of climate 
change. The majority of people in the area still depend on traditional 
rain fed farming. The temporal and spatial variation of rainfall still 
determines activities and development of the study area see appendix 
(2,3). 
6.3. Conclusions of the study: 
 The result of the analysis is that drought has negative impact on the 
natural resources in the study area which results on direct effect on poor 
people which occurred through the following: 
1. Agriculture and forestry sector in Elduiem area is very 
vulnerable to the change of climate. The majority of 
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population in the area highly depends on traditional rain 
fed farming system. 
2. Expansion of agriculture e.g sugar cane let the pastoral to 
shift to the west area which very poor that lead to 
overgrazing 
3. Over grazing, leading to removal of the protective 
vegetative cover of the soil, thus reinforce the rain runoff 
added by the physical compaction of the soil by annual 
trampling. The temporal and spatial variation of rainfall 
still one of the main factor determines activities and 
development of the study area. 
4. There are many areas had lost their natural forest, the plant 
cover deteriorated towards deep south which will lead to 
increase the percentage of crime in the forest and conflict . 
5. Farmers tend to shift their cropping system from cash crop  
6. A number of rain farmers are the one who face the risk of 
fluctuate climate condition (drought season). 
7. Most of the scheme suffer from desert creeping at their 
canal which lead to problems at the irrigate system. 
8. The study showed that the poverty rate is about 88%. 
9. Productivity of crops declined from the average  of the best 
three years (193-255) for millet and Sorghum consequently 
where historic yield about 270 for millet and 300 kg/ha for 
Sorghum. 
10. The drop in crop production every year associated with the 
length of the dry seasons; table 4.13 .-4.14 show the 
positives relationship between rainfall and production the 
coefficient of  0.272 indicates the significant of the 
relation, on the other hand  correlation  coefficient between 
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the  rainfall and area cultivated is .226 and for rainfall and 
area harvested .292,,  adequate rainfall indicates a good 
production year, therefore a good income which will 
encourage people to settle in their villages; never the less 
low income always associated with migration and 
instability .  
11. The rise in temperature reported in the projections of all 
three model normal, HAD, and CCM without a single 
decline is a threaten finding.  
12. The projected temperatures could increase the rate of 
evaporation which will reduce water satisfaction, and 
increase crop stress and crop failure. 
13. The projection of milestone year 2030 show a crop yield 
decline of between 15%and 62% for millet, 29% , and 71% 
for sorghum with reference to the baseline. 
14. The result of crop yield impact projections presents a very 
serious issue to scientists, policy makers, and stakeholders. 
These actors must join forces in design of integrated, 
practical responses to this threat for the sake of future 
generations  
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6.4. Recommendations: 
 
1. For development goal to alleviate poverty, then 
recommended establishments of income generating 
activities, (small industries, cheese, and fishery 
breeding livestock).  
2. Extension  services is necessary to raise the 
awareness  about the importance of the green cover 
and natural resources, and how to use this resources 
optimally to conserve environmental for present and 
future generations. 
3. Expanding the use of alternative energy sources 
such as improved stove, gas. 
4. Establish new policies for cash cropping system to 
adopt more cash crops in the rotation to reduce the 
risk in income fluctuation  
5. Introduce new technology and adopt new variety to 
resist drought. 
6. Introducing diversification policies by introducing 
new variety that generates fast income. 
7. Establish of green belt around their farms or 
growing of  trees around farms. 
8. Improvement of infrastructure such as social 
services (hospital, schools, drinking water, 
electricity) 
9. Use of meteorology information in prediction of the 
crisis to reduce risk. 
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Appendix (1) 
Table Scale for estimation of sorghum and millet yield relative to WSI in 
White Nile area 
WSI In % Crop 
Yield (% 
Kosti Duiem 
Sorghum 
(Kg/Ha) 
Millet 
(Kg/Ha) 
Sorghum 
(Kg/Ha) 
Millet 
(Kg/Ha) 
100 >100 >255 >193 >255 >193 
99 100 255 193 255 193 
98 97 247 187 247 187 
97 94 240 181 240 181 
96 92 235 178 235 178 
95 90 230 174 230 174 
94 90 230 174 230 174 
93 87 222 168 222 168 
92 84 214 162 214 162 
91 81 207 156 207 156 
90 78 199 151 199 151 
89 75 191 145 191 145 
88 72 184 139 184 139 
87 71 181 137 181 137 
86 68 173 131 173 131 
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85 65 166 125 166 125 
84 62 158 120 158 120 
83 59 150 114 150 114 
82 56 143 108 143 108 
81 53 135 102 135 102 
80 50 128 97 128 97 
79 50 128 97 128 97 
78 48 122 93 122 93 
77 47 120 91 120 91 
76 45 115 87 115 87 
75 44 112 85 112 85 
74 42 107 81 107 81 
73 41 105 79 105 79 
72 39 99 75 99 75 
71 38 97 73 97 73 
70 36 92 69 92 69 
69 35 89 68 89 68 
68 33 84 64 84 64 
67 32 82 62 82 62 
66 30 77 58 77 58 
65 28 71 54 71 54 
64 27 69 52 69 52 
63 25 64 48 64 48 
62 24 61 46 61 46 
61 22 56 42 56 42 
60 20 51 39 51 39 
59 20 51 39 51 39 
58 18 46 35 46 35 
57 17 43 33 43 33 
56 16 41 31 41 31 
55 15 38 29 38 29 
54 14 36 27 36 27 
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53 13 33 25 33 25 
52 12 31 23 31 23 
51 11 28 21 28 21 
50 10 26 19 26 19 
<50 <10 <26 <19 <26 <19 
 
 
 
 
 
 
 
 
Appendix (2) 
BASELINE AND CLIMATE CHANGE SCENARIOS IN SUDAN 
[El duiem and Kosti Area] 
SUMMARY: CC-INDUCED TEMPERATURE & 
PRECIPITATION CHANGES IN 2030 
TEMPERATURE 
(deg C)   JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
El Dueim                           
  
Actual (1961-
1990) 23,8 25,5 28,7 31,7 32,9 32,4 30,6 29,1 30,2 31,2 28,2 25,1 
  
CCC-EQ-
IS92A 24,7 26,5 29,5 32,8 33,7 33,2 31,5 30,1 31,2 32,3 29,2 26,0 
  Difference 0,9 1,0 0,8 1,1 0,8 0,8 0,9 1,0 1,0 1,1 1,0 0,9 
Kosti                           
  
Actual (1961-
1990) 24,2 26,0 29,5 32,0 33,3 31,9 28,7 28,2 27,9 29,3 27,6 24,6 
  
CCC-EQ-
IS92A 25,0 27,0 30,3 33,1 34,2 32,7 29,5 29,1 28,9 30,4 28,5 25,4 
  Difference 0,8 1,0 0,8 1,1 0,9 0,8 0,8 0,9 1,0 1,1 0,9 0,8 
PRECIPITATION 
(mm/month)   JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
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Ed Dueim                           
  
Actual (1961-
1990) 0,0 0,0 0,1 0,1 5,8 22,1 65,8 99,6 38,1 5,2 0,4 0,0 
  CCC-IS92A 0,0 0,0 0,1 0,1 5,4 20,4 54,7 98,6 38,0 5,2 0,4 0,0 
  
Difference 0,0 0,0 0,0 0,0 -0,4 -1,7 
-
11,1 -1,0 -0,1 0,0 0,0 0,0 
Kosti                           
  
Actual (1961-
1990) 0,0 0,0 0,0 1,5 13,0 43,5 97,9 119,4 62,5 10,9 2,4 0,0 
  CCC-EQ-IS92A 0,0 0,0 0,0 1,4 12,5 39,7 82,7 120,3 63,2 10,9 2,4 0,0 
  Difference 0,0 0,0 0,0 -0,1 -0,5 -3,8 -15,2 0,9 0,7 0,0 0,0 0,0 
 
Source: MAGICC/SCENGEN OUTPUTS 
 
Appendix (3) 
 
BASELINE AND CLIMATE CHANGE SC Eld Dueim STATION: 
CC-INDUCED TEMPERATURE & PRECIPITATION CHANGES 
ENARIOS IN SUDAN IN 2030 
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Source: MAGICC/SCENGEN OUTPUTS 
 
 
 
Appendix (4) 
ƇƔţũƅŔƉƈţũƅŔĺŔƇŬ
řŴžŕţƈƅŔƐƏśŬƈƑƆŷƉŕƔŗśŬŔ
 ũƔŕƊƔƉƈŘũśſƆƅũŗƈŬƔŧƇ
 ƓœŔŨżƅŔƉƈƗŔřƅŕţ
 řƔũƁ¿ƄƏřƔƆţƈ¿ƄƓžƉŕƄŬƅŔŧŧŷ
 ƓœŔŨżƅŔƉƈƗŔƑƆŷřƔƅŕţƅŔŜŔŧţƗŔũŝŌ
RESULTS   JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
Temperature 
(deg C)                           
  
Actual (1961-
1990) 23,8 25,5 28,7 31,7 32,9 32,4 30,6 29,1 30,2 31,2 28,2 25,1 
  
CCC-EQ-
IS92A_output 0,9 1,0 0,8 1,1 0,8 0,8 0,9 1,0 1,0 1,1 1,0 0,9 
  
CCC-EQ-
IS92A-Value 24,7 26,5 29,5 32,8 33,7 33,2 31,5 30,1 31,2 32,3 29,2 26,0 
  Difference 0,9 1,0 0,8 1,1 0,8 0,8 0,9 1,0 1,0 1,1 1,0 0,9 
Precipitation 
(mm/month)                           
  
Actual (1961-
1990) 0 0 0,1 0,1 5,8 22,1 65,8 99,6 38,1 5,2 0,4 0 
  
CCC-EQ-
IS92A_output -3,1 7,6 -5,4 -8,7 -6,8 -7,8 
-
16,8 -1,1 -0,3 -0,2 -0,1 -0,9 
  
CCC-EQ-
IS92A-Value 0,0 0,0 0,1 0,1 5,4 20,4 54,7 98,6 38,0 5,2 0,4 0,0 
  Difference 0,0 0,0 0,0 0,0 -0,4 -1,7 
-
11,1 -1,0 -0,1 0,0 0,0 0,0 
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 řƔŨżśƅŔƏřţŰƅŔ
· ƇƔƏŧƅŔřƂųƊƈƓžűŔũƈƗŕƔũƜƈƅŔŚƛŕƎŬƛŔũŔŪƜƄƅŔŪŧƔƙŔ¿ŬƅŔƅŔƑƈŸ
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